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Abstract
Pallas’s Fish Eagle (Haliaeetus leucoryphus) is the Northern Hemisphere’s least understood
eagle species. Virtually nothing is known concerning the species’ ecology. Historically, Pallas’s
Fish Eagles were expected to breed in three separate populations in Mongolia, China, and India
and was considered one of the most common raptors in Asia prior to the 1900’s. However, by
1960’s major declines were observed. The species is currently listed as “globally vulnerable” by
the International Union for the Conservation of Nature (IUCN) Red List. The current study
examined over a century of Pallas’s Fish Eagle observation data to determine occupancy and
detection rates throughout its range with hierarchical models. Results indicate a high probability
of detection, but a low occupancy probability (<0.8). Three juvenile Pallas’s Fish Eagles were
also tagged in India and Mongolia with 70 g GSM-GPS solar-powered, satellite transmitters to
track their movements. The collected GPS data were used to determine home range sizes that
averaged at 50 km2 and gather evidence of potential site-fidelity. Further, extensive, seasonal
migrations of over 4000 km from India to Mongolia and Russia were observed in the spring and
fall for all individuals with significant overlap in route and timing similarities. Tracked
individuals also demonstrated a previously unknown capability to fly directly over the
Himalayan Mountains at altitudes that exceed 6000 m. This study provided supporting evidence
indicating that a majority of the migratory, global population of Pallas’s Fish Eagles is a single
population, instead of three separate populations.
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CHAPTER 1. INTRODUCTION
Pallas’s Fish Eagle (Haliaeetus leucoryphus) (Pallas, 1771) is one of 75 species of eagles
and the least understood in the Northern Hemisphere (Tingay and Katzner 2001, ITIS 2016a).
Eagle taxonomy is broken down into five major groups: sea/fish eagles, snake/serpent eagles,
booted eagles, hawk eagles, harpy eagles, and miscellaneous types. The fish/sea eagles are
further separated into two genera, Haliaeetus and Ichthyophaga. There are eight species of
Haliaeetus, including Pallas’s Fish Eagle and Bald Eagle (Haliaeetus leucocephalus) (Linnaeus,
1776) (Tingay and Katzner 2001, ITIS 2016b). Pallas’s Fish Eagle has an expansive historical
range that encompasses the majority of continental Asia, from southern Russia to the Indian
Subcontinent and from central China to the Caspian Sea. The estimated total range is ~3,000,000
km2. However, the species’ extensive range is misleading and masks an underlying threat to the
global population. Pallas’s Fish Eagle was initially classified by the International Union for
Conservation of Nature (IUCN) as “threatened” in 1987. From 1994 to the present, the species
was reclassified as “vulnerable” with a “declining trend” due to changes made to the
organization’s classification system. It is important to note that the declining trend was estimated
at a rate of 10 – 19% per decade or species lifespan scale, whichever is longer. For the case of
Pallas’s Fish Eagle, the calculated life span is about 17.2 years, despite the lack of supporting
peer-reviewed literature (BirdLife International 2014).
Records prior to the 20th century describe Pallas’s Fish Eagle as being one of the most
common raptors along freshwater sources throughout Asia. However, by the 1970’s, they were
considered rare throughout their range (BirdLife International 2001). Overall, the species is
extremely data-deficient, and the world’s least understood eagle within the Northern Hemisphere
(Tingay and Katzner 2001). Davaasuren et al. (2010) concurred, stating “virtually nothing is
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known of the population’s migratory movements and habitat needs during the non-breeding
period.”
In order to properly assess conservation risks, researchers must first have a clear
understanding of the species’ general ecology, including the global connectivity between
populations, population dynamics, and resource requirements. Throughout this work, an effort is
made to alleviate this gap in knowledge by describing Pallas’s Fish Eagle presence on a global
and country-wide scale by modeling historical observation accounts in the form of binary data
from 1850 to present. In addition, three juvenile Pallas’s Fish Eagles were fitted with 70 g solarpowered GSM-GPS transmitters (Microwave Telemetry, Inc, Columbia, MD, USA), and the
GPS data from these units were separated in migration and non-migration events to examine
home range requirements, seasonal movements, and global connectivity between populations in
the northern and southern extent of their range. Finally, I assessed the potential influence of
weather and atmospheric conditions, such as shifts in the southwest monsoon circulation, upon
migration phenology.
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Figure 1.1 Adult Pallas’s Fish Eagle in Kaziranga National Park, Assam, India (Steele 2014).
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Figure 1.2 Juvenile Pallas’s Fish Eagle, Chinggis, with a fitted GSM-GPS transmitter backpack
(Steele 2013).
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CHAPTER 2. PALLAS’S FISH EAGLE HISTORICAL RECORDS AND MODELED
POPULATION DYNAMICS
ABSTRACT
Records of Pallas’s Fish Eagle population distributions across the past millennium have been
sparse and fraught with inconsistencies. Currently, the species is classified as “Globally
Vulnerable” with a declining population trend according to the International Union for the
Conservation of Nature Red List, with an estimated global population range of 2,500 - 9,999
mature individuals (IUCN 2014, BirdLife International 2015). However, available population
trend data are considered to be of poor quality and may prove an unreliable assessment tool of
the species’ population status (BirdLife International 2015). The current study evaluated monthly
and yearly Pallas’s Fish Eagle observations throughout its global range, collected from online
field notes, peer-reviewed literature, museum specimen records, and personal communications to
determine if historical records could provide quantitative evidence indicative of a global
population decline in the past century. Pallas’s Fish Eagle records from 1841 to 2016 were
converted to binary data to represent presence/absence observations for country- and
state/province-scale site occupation models in the R package “unmarked” to determine
probability of presence and detection among sites. A total of 1409 records were accumulated
throughout Asia in 14 countries. Among the included countries, India, Mongolia, China, and
Pakistan had a sufficient quantity of data to develop state/province-level models within each
country. Overall, Asia was estimated to have an extremely low probability (0.08) of presence
throughout the expanse of its range. China and India illustrated similar results, but Pakistan had a
higher probability of 0.64. Probability of detection was relatively high (0.49 – 0.78) for all
validated models. The high detection rates further validated the model’s occupancy results due to
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the low probability of undetected birds during each sampling period. Despite the inconsistency of
the data, decadal sampling periods, and large areas for site occupancy, the results still provide
quantitative evidence indicating a noticeable smaller population of Pallas’s Fish Eagles
worldwide than previously indicated by its current IUCN Red List classification.
INTRODUCTION
The historical range of Pallas’s Fish Eagle encompassed a large portion of Asia,
extending west to east from the Caspian Sea to China and north to south from Russia to India and
Myanmar. Historical records of Pallas’s Fish Eagle observations are available as far back as
1850 (BirdLife International 2001). However, the species’ extensive range masks the true extent
of its decline in the past century (BirdLife International 2001, Ferguson-Less and Chrisite 2001).
Currently, Pallas’s Fish Eagle abundance and occurrence, according to spatial and temporal
variability, remains unknown and overlooked. Past reports considered Pallas’s Fish Eagles to
breed primarily within the Indian Subcontinent, China, and Mongolia. Early records from the late
1800’s and early 1900’s describe a high density of breeding pairs throughout the entirety of their
historical range; one account claimed at least one breeding pair every few kilometers along north
India’s rivers and lakes (BirdLife International 2001). However, the population has declined
drastically in the last century, and only a fraction of the population remains. Currently, the total
population of Pallas’s Fish Eagle in Asia is estimated at 2,500 – 9,999 mature adults (BirdLife
International 2014). However, Ferguson-Lees and Christie believed the population to be at a
significantly lower level (2001). They argued that the population is likely more towards the
lower end of this range, based on the estimate of one breeding pair per 200 km2 over a range of
1,000,000 km2 in Asia (Ferguson-Lees and Christie 2001).
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It appears that the population has declined steadily since the turn of the 20th century. The
last observed breeding record of Pallas’s Fish Eagles along the Caspian Sea occurred in 1947.
Until 1947, it was also observed regularly within the Volga-Ural Steppes of Russia and
Kazakhstan. Observations of 20 – 30 birds were commonly recorded along the Syrdar’ya River,
Illi River Delta, as well as the Caspian and Aral Sea, from the 1930 – 1950’s. Yet, by the 1960’s
the population crashed, and there was a maximum of 50 records from 1970 – 1995. Records of
adults and juveniles in Russia were fairly regular in the Transbaykalia region and on the Ukok
Plateau until the 1980’s. In central China, the species was described as “quite common and
plentiful” in the 1950’s. Some wetlands, including lakes within Tibet’s Kangrinboqe FengMapam Yumco region, boasted over twenty individuals within 8 ha. As of 1997, the records of
Pallas’s Fish Eagles observed plummeted to 1-2 individuals recorded in a month (BirdLife
International 2001).
Prior to the 1960’s, Pakistan also claimed an extensive population of Pallas’s Fish Eagles.
High densities occurred along the Chenab, Jhelum, Sultej, and Indus Rivers. Explorers reported
at least one to two breeding pairs along every jheel (wetland) in Pakistan, including the Punjab
Salt Plains, from 1872 – 1873. From 1918 – 1948, breeding pairs could be found along all, but
one, lake in Pakistan. Hunters at the time frequently complained that at least one or two eagles
attended their waterfowl hunts, seeking to pick off stray prey. Yet, the population was devastated
by the 1960’s and described as “sparsely distributed.” By the 1980’s, records had dropped to
“occasionally sighted.” The most recent, complete survey of the Pakistani population of Pallas’s
Fish Eagles was collected from 1970 – 1974, with an estimated breeding population of less than
40 breeding pairs for the entire country (BirdLife International 2001).
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Historical accounts of explorers in Bangladesh during the 19th century also provide
evidence of a large Pallas’s Fish Eagle population along the country’s major waterways. Field
reports describe the species as very common and frequently observed in the late 1800’s. One
particularly interesting account states, “on a voyage...from Dacca to Sylhet one cannot fail to be
struck with the large number of eagles seen near the fishing villages” (BirdLife International
2001). Pallas’s Fish Eagles may have actually outnumbered Grey-headed Fishing Eagles
(Ichthyophaga ichthyaetus) (Horsfield 1821), which are still considered to be fairly common
throughout the Indian Subcontinent (BirdLife International 2001, BirdLife International 2015,
ITIS 2016a). A slight decline became apparent in the 1970’s, but by 1985, it was argued to be
“one of the most endangered birds of prey in Bangladesh” (Birdlife International 2001). As of
2011, it is one of forty-seven threatened bird species in the country and are only recorded in
village “haors,” cultivated fields during the winter and “inland seas” in the rainy, monsoon
season (Sourav et al. 2011). A survey conducted from 1981 – 1983 recorded only seven
individuals along 3,290 km of waterways (BirdLife International 2001).
Bangladesh’s eastern neighbor, Myanmar also has historical records of Pallas’s Fish
Eagles occurring frequently in Southern Pegu, a flat grassland located between the Pegu and
Sittang River, and Arakhan. It also occurred in high, almost continuous, densities along the
Irrawaddy, Indus, and Ganges River in the early 1900’s, but the population crashed in the
1930’s. The cause of the drastic population loss in Myanmar remains unknown. Few records can
be found of Pallas’s Fish Eagles in Myanmar after the crash (BirdLife International 2001).
However, a second-year juvenile recently tagged in Assam, India wintered in the Hukang River
Valley Wildlife Sanctuary in 2014 and 2015; as such, it is evident that the species does still
occur, at least in small numbers, within the country, as described in chapter 4.
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Pallas’s Fish Eagles were also recorded at extreme elevations, up to 5000 m, within the
Himalayan Mountains of Nepal and Bhutan (BirdLife International 2001, Sourav et al. 2011,
Inskipp et al. 2016). The birds were common in Nepal during the 1940’s, but did not occur in
high densities, compared to areas like India and Pakistan. In the 1970’s the species was still
considered to be resident in Nepal, but as of 2016, the population is estimated at a maximum of
10 individuals and listed as “Critically Endangered” within the country (Inskipp et al. 2016). In
contrast, Bhutan has apparently never had a large population, but there were a few breeding
records in the 1930’s. Bhutan’s latest breeding record was a single nest in 2000 (BirdLife
International 2001). Historically, the greatest concentration of Pallas’s Fish Eagles appears to
have occurred in northern India. In the late 1800’s, every lake that managed to retain water
during the dry season (October to April) hosted at least one active Pallas’s Fish Eagle nest, and
the species was found along the entirety of the Ganges, Chambal, and Yamuna Rivers. Field
reports boast extraordinary observations of Pallas’s Fish Eagles “every 3 or 4 miles, and in
particular localities every half mile!” (BirdLife International 2001). Records of high population
densities continued through the 1920’s, especially in Assam along the Brahmaputra (BirdLife
International 2001).
Unfortunately, steep population declines in multiple countries began in the 1960’s, as
shown in Table 2.1. Researchers have speculated that the loss is a direct result of habitat
disturbance. One observer, in 1979, traveling through Kashmir reported, “I regret to say I never
saw it and can only conclude that the increased disturbance has been too much for it and it occurs
no longer, unless it holds on in some of the more secluded lakes” (BirdLife International 2001).
Historically, Pallas’s Fish Eagles were reported to occur in thirteen Indian states (Ali and Ripley
2001). Yet, according to current surveys as of 2014, the species had disappeared from all but
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three or four states: Assam, Uttarakhand, Arunachal Pradesh, and Kashmir. Survey results also
indicated Punjab was the latest state extirpation in 2014. The primary concentration of
individuals remaining in India occur in strictly protected wildlife sanctuaries, where the majority
of the land is not open for public access. Further, restrictions forbid tourists from venturing
outside of the jeep. Based on surveys and personal communications within northern India, the
largest density of Pallas’s Fish Eagles is estimated to occur in Jim Corbett National Park,
Uttarakhand and Kaziranga National Park, Assam.
It is interesting to note that while the surrounding populations disappeared halfway
through the 20th century, Mongolia’s population actually shifted from “fairly rare” in the mid19th century to “fairly common” in the early 20th century. The species was observed on a yearly
basis along several of Mongolia’s major lakes and rivers, including Ogii Nuur, the Orkhon River,
Boontsaagan Nuur, and Achit Nuur (BirdLife International 2001). Yet, recent studies are also
reporting possible declines in the past few decades. Davaasuren et al. (2010) conducted surveys
for Pallas’s Fish Eagles at 13 sites where previous observations occurred. Only 8 of the 13 sites
(61.5%) were occupied by Pallas’s Fish Eagles (Davaasuren et al. 2010). Gilbert et al. (2014)
provided further evidence of a country-wide decline after surveying 21 sites where Pallas’s Fish
Eagles were previously recorded from 2005 – 2011. Out of the 21 sites, only 13 regions
remained occupied (Gilbert et al. 2014). Furthermore, Gilbert et al. (2014) reviewed historical
records of breeding in Mongolia and were unable to confirm any records. In the past decade,
India, China, and Mongolia were considered home to the species’ three key breeding populations
(BirdLife International 2001, Gilbert et al. 2009). However, recent surveys provided
contradictory evidence, arguing that Mongolia was not a current breeding stronghold for migrant
Pallas’s Fish Eagles. Further, the species may have never actually nested in the country. Previous
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records of nesting behavior were reassessed and concluded to be misidentified White-tailed
Eagles (Haliaeetus albicilla) (Linnaeus, 1758) (Gilbert et al. 2014, ITIS 2016b). The current
study supports these conclusions. No observations of breeding behavior occurred during surveys
conducted in 2012 – 2013. This is an alarming conclusion for the global population as a whole
with the current conservative estimate of 300 Pallas’s Fish Eagles in Mongolia (Gombobaatar
and Monks 2005).
Overall, the global connectivity and seasonal movements of the global population has
never been addressed. Individuals tracked with 70 g GSM-GPS transmitters from the supposedly
separate breeding populations in India and Mongolia were observed with overlapping seasonal
movements and occupied habitats, as described in chapter 4. These results provided supporting
evidence that indicated a significantly smaller current population than previously estimated.
Although it is vital to have a clear idea of the global population’s current status, it is also
important to understand past changes in population dynamics over time. This area of Pallas’s
Fish Eagle ecology is data deficient and remains unaddressed in literature. Nonetheless, scattered
observations of Pallas’s Fish Eagles can be found throughout their historic range from the 1850s
to present. Despite a lack of uniform sampling over time, historical observation data have the
potential to offer insights into global population dynamics over time that would otherwise be
unavailable through site occupation modeling.
Modeling population dynamics through site occupation is commonly used in island
biogeography and metapopulation studies. However, many models do not take into account
probability of detection, which may cause site occupation, and population, to be underestimated.
In addition, recolonization and extinction rates may be bias in the event that an individual was
not detected during a previous survey but recorded the following year (MacKenzie et al. 2003).
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Makenzie et al. (2002) and Makenzie et al. (2003) addressed these issues by incorporating
several parameters, such as probability of detection and probability of occupation from one
season to another, through probabilistic arguments and maximum likelihood techniques. As a
result, the model allows for site occupation modeling, even in the face of imperfect sampling
events (Makenzie et al. 2005). Raw historical observations provide some insight into a species’
global presence on a broad scale; however, they do not take into account the probability of
detection (Fiske and Chandler 2011). An eagle may occur in an area but due to factors such as
observer proximity and cryptic behavior, survey detections rates could vary. Through the account
of detection probability and imperfect sampling, this model allows the opportunity for past
Pallas’s Fish Eagle population dynamics to be modeled on a broad spatial and temporal scale.
Therefore, occupancy probability models were developed in the current study to examine globaland country-wide Pallas’s Fish Eagle population trends from 1850 - 2020. Due to the
inconsistent nature of the observations and extensive timespan, data were analyzed on a decadalscale. Furthermore, based on historical evidence, population crashes required at least a decade to
crash.
Asia has a rich and tumultuous past from an anthropological point of view. The decline
may vary with country-specific shifts in socioeconomics and government powers, such as the
rise of the Soviet Union (Sakwa 2005). During the 1950s – 1960s, raptors were persecuted
fiercely as “vermin predators” (Flint and Galushin 1981). In addition, experimentation with toxic
and radioactive materials, irrigation measures, and mining caused devastating pollution and
habitat destruction throughout the region (Törnqvist et al. 2011). In the event of a large migrant
population, this environmental disaster may have had devastating effects on Pallas’s Fish Eagle
populations throughout their range. Therefore, in the event of a large-scale loss of individuals, it
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is important to pinpoint the time of the event in order to ascertain the conservation threat.
Despite the broad temporal and spatial scale, I sought to determine if current population trends
reflected historical observations of Pallas’s Fish Eagles within individual countries and
throughout Asia. Therefore, I hypothesized that in light of a continuous decline of the global
population, presence/absence models should reflect a low probability of occupation on a countrywide and global scale.
MATERIALS AND METHODS
Pallas’s Fish Eagle observation records were collected from birdwatching field reports,
Birdlife International, Waterbird Conservation historical records, personal communications, and
the ebird.org online database, with collected data ranging from 1850 to 2016 (BirdLife
International 2001, Li et al. 2009, Das and Deori 2010, Chaudhry et al. 2012, eBird 2012,
Sebastian et al. 2012, Gilbert et al. 2014, Subedi 2014). Data collected from each Pallas’s Fish
Eagle observation record included the country, state/province, month (when available), and year.
Sample sites were determined according to the availability of data for global and state/province
scale models and assigned binary data points on a decadal scale, from 1850 - 2020, as a presence
(1) or absence (0). Two models were developed in the R package “unmarked” through a
hierarchical, multi-season patch occupancy model to calculate probability of presence and
detection (MacKenzie et al. 2003, Fiske and Chandler 2011).
The first, a null model, projects the global population’s probability of colonization,
extinction and occupancy at a constant rate. The second model has a constant occupancy
probability and dynamic extinction, colonization and detection probabilities that varied from one
decade to another. The two models were compared using AIC to determine which model would
be an appropriate representative of global population dynamics. The selected model was then
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broken down according to country and analyzed according to states/provinces, whenever
state/province data was available, to determine probability of presence, detection, colonization,
and extinction (Fiske and Chandler 2011).
RESULTS
Overall, a total of 1409 records from 1850 – 2016 were utilized for the current study in
14 countries. India had the highest number of recorded observations, and the United Arab
Emirates had the lowest (Table 2.2). For the records where monthly data were available,
observations peaked from November to April (Figure 2.2).
According to AIC values, the null model was chosen as the most appropriate for the
current study (Table 2.3). For the entirety of the species’ historical range, all models were
significant (N=14), but not all country-specific models could be validated. Based on available
data, country-specific models were created for China, India, Mongolia, and Pakistan. However,
presence and detection probability models were only validated for China, India, and Pakistan.
The global detection probability was 0.78 ±0.05, while patch occupation probability was 0.08
±0.07. India, China, and Pakistan had high detection rates, 0.49 ±0.06, 0.61 ±0.10, and 0.51
±0.08, respectively. However, while China and India reflected similarly low presence
probabilities, 0.093 ±0.09 and 0.088 ±0.084, respectively, Pakistan had a noticeably higher patch
occupation probability of 0.64 ±.29. All null model results are shown in Table 2.3.
DISCUSSION
Pallas’s Fish Eagle populations have been classified as “Threatened” or “Globally
Vulnerable” since 1988 (BirdLife International 2014). However, the calculated global population
is based on loose estimates with little supporting data, and historical accounts describe
population declines as early as 1930, as seen in Table 2.1 (BirdLife International 2001). In the
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event of a continuous, eighty-year decline, the population is likely to be in dire need of relisting
to at least “Endangered.” Amidst the rise and fall of governments, exponential human population
growth, and shifts in land utilization, ecosystems are altered to extents that remain relatively
unknown, and the effects upon individual species even less so (Keinan and Clark 2012). While it
is possible to assess extinction risks through habitat suitability models (bioclimatic envelopes)
with present-day species distribution and habitat-climate data, and while this is useful in the face
of global climate and land use changes, habitat suitability does not include population dynamics
or demographics, which can only be collected over an extended period of time (Keith et al.
2008). For example, a climate model may predict a precipitation increase within an area over the
next 50 years that facilitates an expansion of a wetland-dwelling species. However, the current
population may be suffering a steep decline in fecundity through an extrinsic factor, such as the
bioaccumulation of organophosphorus through prey consumed. While there may be a greater
availability of suitable habitat in the future, it would be worthless if the population crashes in the
next twenty years.
A similar situation could occur in the near future with Pallas’s Fish Eagles. Thus, it is
important to address the species’ land use and habitat ecology, but it is also vital to quantify the
population dynamics as comprehensively as possible despite data deficiencies. For the current
study, we sought to alleviate this gap in knowledge for future Pallas’s Fish Eagle extinction risk
assessments. Despite a lack of formal surveys, it was possible to assess population dynamics
through site occupancy modeling with detection probability and imperfect sampling procedures
taken into account. The current study utilized this model to assess Pallas’s Fish Eagle
presence/absence on a state/province and country-wide scale; as such, a single bird represented
occupation for an entire state or country. In the event that a low presence or high extinction
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probability was calculated, even on such a broad-scale, it would serve as supporting, quantitative
evidence that the population has declined significantly in the past century.
For the current study, the null model with a constant rate of presence and detection over
time was the better fit, according to AIC values for all country- and state/province-occupancy
models. This may, in part, be due to the nature of data collected. For many countries, records are
sparse and far apart. For example, Bangladesh had records of occupation in 1870 and 1890, but
then remained “unoccupied” until 1960, after which occupation was recorded every decade. This
may be a result of increased international travel, global communication, or improved optical
equipment (eg. cameras and binoculars), which allow for higher reporting rates. Further, the
overall increase in records after the 1980s could be attributed to the invention of the internet. The
worldwide web became commercialized by the early 1990’s. This development not only
increased birdwatchers’ capabilities to report their observations, amateurs and professional alike,
but also made international travel significantly easier, resulting in an increase in ecotourism
(Riasi and Pourmiri 2015).
Nonetheless, across the entire global range, Pallas’s Fish Eagle was estimated to have a
8% probability of being present within a country at any given time. The model results closely
coincided with recorded Pallas’s Fish Eagle observations from 2015 – 2016 at Ebird.org (Figure
2.3) (Ebird 2012). Considering the expansive area in question (>300,000,000 km2), this is an
alarmingly low presence rate. China and India mirror similar results of 8% and 9% chance of
presence, respectively. Pakistan had the highest patch occupation probability at 64%. However, it
is important to note that while Pakistan has the greatest probability of patch occupation, by no
means could it be considered a stable population. The last comprehensive, countrywide Pallas’s
Fish Eagle survey in Pakistan occurred from 1970 – 1974. The survey results indicated that there
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were less than 40 breeding pairs in the country, and the population was continuing to decline.
The contrasting results for Pakistan may reflect a slower rate of decline due the country’s unique
history of politics and environmental policy. Individual detection was relatively high at a
projected 78% chance of detection. Detection rates are reasonable with consideration to the size
and life history of the species in question. Pallas’s Fish Eagles are large fishing eagles that
exceed 4 kg and tend to occupy open freshwater sources that humans also utilize, especially in
countries with high human population densities, like India (Ferguson-Lees and Christie 2001).
A final point to consider is the spread of observations on a monthly scale. The number of
observations peaked from October – April (Figure 2.2). This range overlaps perfectly with the
breeding season for Pallas’s Fish Eagles within the Indian Subcontinent. In contrast, the records
are significantly lower in the summer months. These results could indicate that static breeders
and juveniles are dispersing to northern, less populated, latitudes during the summer months, as
hypothesized in Chapter 4. Declines have been recorded across the potential breeding range in
the Indian subcontinent, with a small number of birds remaining at a few key localities. Given
the large size of the potential breeding distribution, the population will number considerably less
than 2,500 mature individuals.
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TABLES
Table 2.1 First noted year of decline for Pallas’s Fish Eagle throughout its historical range
(BirdLife International 2001).
Country
Afghanistan
Bangladesh
Bhutan
China
India
Iran
Kazakhstan
Kyrgyzstan
Mongolia
Myanmar
Nepal
Pakistan
Russia
Tajikistan
Turkmenistan
Uzbekistan

Year of First Decline Recorded

2001
1997
1960
1960
Unknown
1930
2001
1960
1979
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Table 2.2 Number of Pallas’s Fish Eagle historical records from 1850 – 2016 per country
(N=14).
Country
Number of Observations
Bangladesh
61
Bhutan
48
Cambodia
4
China
105
India
951
Iran
8
Mongolia
43
Myanmar
15
Nepal
42
Oman
4
Pakistan
118
Russia
6
United Arab Emirates
1
Vietnam
3
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Table 2.3 Presence models for China, India, Mongolia, Pakistan, and Asia. Note: Bold indicates
significance.
Population Dynamics Null Model (Presence)
Survey Period Number of Survey Sites Probability Estimate Standard Error
China 1870 - 2020
13
0.0935
0.09
India 1850 - 2020
19
0.0878
0.0841
Mongolia 1910 - 2020
10
0.12
0.255
Pakistan 1880 - 2020
4
0.642
0.289
Asia
1850 - 2020
14
0.0774
0.0745

Table 2.4 Detection probability models for China, India, Mongolia, Pakistan, and Asia. Note:
Bold indicates significance.
Population Dynamics Null Model (Detection)
Survey Period Number of Survey Sites Probability Estimate Standard Error
China 1870 - 2020
13
0.611
0.101
India 1850 - 2020
19
0.491
0.065
Mongolia 1910 - 2020
10
0.82
1.7
Pakistan 1880 - 2020
4
0.508
0.0775
Asia
1850 - 2020
14
0.783
0.0486
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Figure 2.1 Compiled count of historical records (N=1405) from 1850 – 2016 throughout the
global range of Pallas’s Fish Eagle.
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Figure 2.2 Total number of Pallas’s Fish Eagle observations each month (January to December)
from 1850 – 2016.
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Figure 2.3 Recorded observations of Pallas’s Fish Eagles from 2015 – 2016 (Ebird 2012).
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CHAPTER 3. SEASONAL PALLAS’S FISH EAGLE HOME RANGE OBSERVATIONS
IN MONGOLIA, INDIA, AND MYANMAR
ABSTRACT
Pallas’s Fish Eagles are considered to be a freshwater-dependent species based on breeding
behavior and the species’ prey base comprised of fish, waterfowl, carrion, and occasionally
mammals. Pallas’s Fish Eagles are commonly observed within the immediate vicinity of streams,
rivers, marshes, jheels, canals, and lakes (BirdLife International 2001). However, virtually
nothing is known about the eagles’ home range size or non-breeding habitat utilization
(Davaasuren et al. 2010). Therefore, the goal of this study was to assess the summer and winter
home ranges of three juvenile Pallas’s Fish Eagles located in India, Myanmar, and Mongolia.
Home ranges were calculated by creating a 95% contour for every individual, each season, from
habitat utilization density rasters calculated with a dynamic Brownian Bridge Movement Model.
Total home range size (km2) within each contour was calculated in ArcGIS 10.3, and variations
in home range size across years, individuals, and seasons were assessed with a student’s paired ttest. In addition, site fidelity was determined by the amount of overlap for individuals with data
over multiple years. No significant difference was found in juvenile Pallas’s Fish Eagle mean
home range size for summer (53.93 ± 63.03 km2) and winter (38.9 ± 43.8 km2) (student’s paired
T-test, P>0.05). Average home range size did not vary significantly across multiple years (2013
– 2016) (ANOVA, P>0.05). A single juvenile, Lachit, transmitted over a period of several years
from Feb. 2014 – October 2016. This bird was observed returning to the same summer and
winter home ranges from 2014 – 2016.
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INTRODUCTION
Throughout Pallas’s Fish Eagle’s expansive global range, a wide array of ecosystems is
occupied, including steppe, mangrove forests, deserts, subtropical forests, and montane forests at
elevations of up to 5000 m (BirdLife International 2001, Sourav et al. 2011, BirdLife
International 2014, Subedi 2014). Due to the poorly understood ecology of Pallas’s Fish Eagle,
virtually nothing is known about its habitat requirements, especially during the non-breeding
periods (Davaasuren et al. 2010). Currently, it is reported that Pallas’s Fish Eagles remained
within the immediate vicinity of freshwater habitat, including marshes, streambanks, lakes,
jheels, rivers, and canals. When the species breeds, they utilize tall trees, including red silk
cotton trees (Bombax ceiba), chenar (Platanus sp.), and pines (Pinus sp.). Cliffs have also served
as nest sites in treeless areas of China. The same nest site location may be used by a breeding
pair for years (BirdLife International 2001).
The species’ frequent occupation along freshwater habitat is likely associated with its
selected prey base. Similar to other Haliaeetus sp., including North America’s Bald Eagle
(Haliaeetus leucocephalus) (Linnaeus, 1776), Pallas’s Fish Eagles have been observed feeding
on carrion, fish, mammals, and waterfowl (Mabie et al. 1995, ITIS 2016a). Another similarity is
the species’ opportunistic foraging behavior. Pallas’s Fish Eagles tend to spend the majority of
their time watching for prey from a perch or digesting. Unlike other piscivorous raptors, such as
ospreys (Pandion haliaeetus) (Linnaeus, 1758), that catch fish by plunging into the water after
them, Pallas’s Fish Eagles prefer to hunt prey trapped in shallows (BirdLife international 2001,
ITIS 2016b). The eagles are also notorious kleptoparasites. In the 1800’s, there were frequent
reports of Pallas’s Fish Eagles stealing fish from osprey or waterfowl from hunters before the
birds even hit the water (Birdlife International 2001).
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Despite the species’ generalist diet and once extensive range and population size, the
species is classified as rare or extirpated throughout Asia. Therefore, the species should be
considered for relisting as “Endangered.” Yet, with so little information available concerning the
species’ population, dynamics, movement, or general ecology, conservation efforts will be
severely hampered. To sustain the remaining current global population, it is important to identify
“highly quality” habitat that can meet the necessary needs for events, such as breeding/nonbreeding seasons and migratory stopovers. Further, it is important to assess habitat requirements
on a seasonal scale, because the type or amount of area utilized by an eagle may change with
season resource availability (Manly et al. 2001, Braham et al. 2015). Thus, it is important to
understand the amount of area an individual utilizes according to its age and breeding status. For
example, a government may put aside 100 ha of Khyargas Nuur lakeshore for Pallas’s Fish
Eagles. However, Pallas’s Fish Eagles are more frequently observed along river and stream
deltas. In addition, while they are regularly seen near Airag Nuur, there has never been an
indication of Khyargas Nuur being used by the species. This may in part be due to the lake’s
saline nature (Shvartsev et al. 2014). They also tend to primarily occupy areas frequented by
large numbers of waterfowl, such as Boontsaagan Nuur in Byankhongor, Mongolia (Gilbert et al.
2014). Also, it is unknown if 100 ha would be an acceptable amount of area for the individuals
assumed to be within the region. In any of these cases, while the land would still be important
for other species, it may be ineffective as a conservation measure for Pallas’s Fish Eagles.
By utilizing GSM-GPS data from the three tagged juveniles, I sought to provide baseline
information that will assist in conservation efforts similar to the example mentioned. In this
study, I examined the overall area (km2) used by the birds. I also examined the data for variation
overall and between individuals for differences in the amount of area used during non-migration
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periods. All birds were considered to be migrating, non-breeding individuals. Under this
assumption, I hypothesized that the home range size would not vary according to season.
Migration is a risky, and energy-expensive, venture that birds do not undertake unless the reward
outweighs the risk. For Pallas’s Fish Eagles, this reward may be a reduced foraging effort. The
birds regularly occur in the Indian Subcontinent during the winter dry-season (October – April)
(Fein and Stephens 1987, BirdLife International 2001). During this period, ponds, rivers, and
streams significantly shrink and fish are densely packed and often stranded in shallows. These
conditions are ideal for foraging efforts and require little energy-expenditure by Pallas’s Fish
Eagles.
However, as described in Chapter 4, the birds migrate north of the Himalayas before the
onset of the southwest monsoon. With the southwest monsoon, high precipitation and severe
flooding occurs throughout the area (Barua and Sharma 1991). With the increase in water
availability, fishing would require a greater effort. Therefore, Pallas’s Fish Eagles may migrate
north to Mongolia to take advantage of milder weather, greater prey availability, and easier
foraging opportunities. Thus, with the continued ease of foraging, it would be reasonable to
assume that the amount of area utilized would not change significantly because resource
availability and effort would remain stable. Home range may increase during breeding events
due to the need for greater resources to feed young, but this consideration is not valid for the
tagged immature, juvenile birds.
MATERIALS AND METHODS
Study area
Mongolia’s landmass, approximately 1,565,000 km2, is landlocked between Russia and
China (52°06’−41°32’N, 87°47’−119°54’E) (Pyankov et al. 2000). The country exhibits high
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variability in geography and climate due to its continentality. Mongolia’s climate is characterized
by harsh winters, with temperatures falling to -45° C, and warm, moist summers that can exceed
40°C (Fernández-Giménez 1999; Wingard and Zahler 2006). Mongolia claims one of the world’s
largest grasslands and makes up ~2.6% of the total global area (Yu et al. 2003; Tuvshintogtokh
and Ariungerel 2013). The country’s total land mass is comprised of 83.4% steppe
(Tuvshintogtokh and Ariungerel 2013). The remainder is taiga or desert, found along the Russian
and Chinese national borders, respectively (Yu et al. 2003).
Mongolia has a freshwater system of approximately 3,000 rivers that extend over 67,000
km (Wingard and Zahler 2006). One of the primary areas identified as non-migratory habitat is
Ogii Nuur (47°46’N, 102°46’E), a freshwater, mesotrophic lake in Arkhangai Province,
Mongolia, with a surface area of approximately 25.1 km2 and a maximum depth of 15.9 m. The
Orkhon River, within the Orkhon River Valley, feeds directly into Ogii Nuur (Odonchimeg and
Namkhai 1998). The northern steppe and river systems extend as far as the political border
between Russia, China, and Mongolia. The second primary, non-migratory habitat is located
within this region.
India’s landmass is approximately 328.72 Mha and consists of a wide array of
ecosystems that resulted from the mountainous terrain and seasonal monsoon circulation.
Pallas’s Fish Eagles tend to occupy the norther extent of the country (Reddy et al. 2013). The
current study birds were trapped in Kaziranga National Park. Kaziranga National Park (26°35’–
26°45’N, 93°05’–93°40’E) is located within the Indian state, Assam in the Naogan and Golgahat
Districts, and serves as a vital sanctuary for the one-horned rhino and a popular ecotourism site
(Barua and Sharma 1991, Kushwaha et al. 2000, Shrivastava and Heinen 2007). Kaziranga
National Park was acknowledged as a UNESCO world heritage site in 1984 (Saikia 2009). The
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entire park is estimated to be around 430 km2, but this value fluctuates from year-to-year due to
erosion from the Brahmaputra River (Barua and Sharma 1999).
Kaziranga is a lowland floodplain located south of the Brahmaputra, which represents the
park’s northern boundary (Barua and Sharma 1999, Kushwaha et al. 2000). During the peak of
the southwest monsoon (May – August), up to 70% of the park may be flooded (Fein and
Stephens 1987, Barua and Sharma 1999). The park is broken up into four distinct ranges:
Gorakat (Westernmost Range), Baguri (Western Range), Kohora (Central Range), and Agratoli
(Central Range). The vegetation is a forest-grassland mosaic whose vegetation can be classified
as one of four primary types: 1) eastern wet alluvial grasslands, 2) Assam alluvial plains semievergreen forests, 3) Riparian fringing forest 4) eastern Dillenia swamp forest 3) (Barua and
Sharma 1999).
Capture and Marking
Three juvenile Pallas’s Fish Eagles were fitted with solar-powered, 70 g GSM-GPS
transmitters (Microwave Telemetry, Inc., Columbia, MD, USA). The units were secured to the
birds with Teflon ribbon (Bally Ribbon Mills, Bally, PA) in the form of a fitted harness (Dunstan
1972). The first tagged juvenile was captured at Ogii Nuur, Arkhangai Province, Mongolia on
July 4, 2013 with #2 Duke padded leg traps baited with dead, local fish. The two remaining
fledglings were fitted with the units while in a nest at Kaziranga National Park, Assam India
February 2, 2014, once their weight exceeded 2.5 kg and their primary feathers were fully
developed. The overall weight of the GSM-GPS transmitter and harnesses was <3% of the
animals’ total body weight (>2.5 kg). All tagged individuals were processed, fitted, and released
within an hour of capture.
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Data Collection and Preparation
The GSM-GPS transmitters collected data during the day at a rate of every 1 – 5 minutes
and every 30 – 90 minutes during the night, depending on the device’s internal battery charge.
Data collected by the transmitters included GPS coordinates, time stamp (YYYY/MM/DD
hh:mm:ss), altitude (m), flight speed (km/hr), orientation (°N), VDOP, HDOP, and total satellite
count. In addition, transmitter conditions, such as external temperature (°F) and battery charge
(volts), were also collected periodically. GPS data accuracy was estimated at ±18 m horizontal
and ±20 m vertical directions. When the unit was within range of GSM cell towers, GPS data
were uploaded once per day and emailed to the principal investigator in a .csv and .kmz file
format. In the event that the transmitter was beyond cell coverage, data were logged within the
transmitter. Each device has the capability to backlog up to 258,000 GPS coordinates. Data were
also uploaded to Movebank.org.
In the past, satellite telemetry studies were rare due to prohibitively high production costs
and data inaccuracies (Bildstein et al. 2006). Yet, technology has improved significantly in the
past decade. The number of telemetry studies conducted worldwide rose to the point that a
massive global database (Movebank.org), which is dedicated to assistance management, storage,
analysis, and sharing of telemetry data, was created. As of June 2016, Movebank.org hosts 2,484
studies of 548 different taxa in over 303 million locations worldwide (Wikelski and Kays 2016).
GPS data were filtered in Movebank.org’s general purpose speed filter with a valid neighbor
algorithm. The speed filter takes into account an animal’s maximum plausible speed (m/s) and
the GSM-GPS units estimated location error (m). With the valid anchor algorithm, GPS
coordinates were compared to subsequent locations (n, n+1, n+2 …). If the distance between n
and n+1 required a speed that exceeds the pre-defined maximum speed, the data point was
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marked as an outlier and removed from the analyses. In addition, coordinates with a VDOP or
HDOP >10 were removed from the data set (Wikelski and Kays 2016). A final visual check of
data distribution was conducted and outliers were removed manually.
Data were further broken down into one of two subsets: migration or non-migration.
From there, according to data availability, data were separated according to season (eg. summer)
and year. Migration days were defined as days where the total distance traveled exceeds 100 km;
otherwise, the day was classified as a non-migration day.
Dynamic Brownian Bridge Movement Models and Home Range Estimates
Kernel density estimation is a traditional method of assessing habitat use and home range
size. However, in the event of large data sets, kernel density estimates have the potential to
significantly overestimate occupied home ranges (Kraunstaber et al. 2012). An alternative
approach to home range estimation was proposed by Bullard (1999), which takes into account
spatial and temporal variability according to Albert Einstein’s Brownian Motion Model of
Molecular Movement. A Brownian Bridge Movement Model (BBMM) operates under two
assumptions. The first assumption determines that movements between consecutive GPS
coordinates is random, and the second states that GPS coordinate errors occur as a bivariate
normal distribution (Fischer et al. 2013). Therefore, an animal may disperse in any direction at a
constant rate (s2) with time as the primary determinant for variability, essentially producing a
three-dimensional normal distribution. Horne et al. (2007) took the approach a step further by
incorporating an animal’s motion variance (s2) through a maximum likelihood approach. With
the calculated motion variance, a raster map could be calculated to determine habitat utilization
distribution (UD), of which home range could be determined at a defined contour (eg. 50% or
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95% contour). Overall, the model produces a three-dimensional normal distribution of data
(Horne et al. 2007).
However, a constant movement variance is an unrealistic assumption based on the
likelihood of heterogeneous movements according to daily and seasonal shifts in behavior
(Kranstauber et al. 2012). An eagle’s movement trajectory may vary significantly depending
upon time of day and whether or not migration is underway (Newton 2008). The dynamic
Brownian Bridge Movement Model (dBBMM) provides a more accurate assessment of habitat
utilization, because it takes into account shifts in behavior/movement over time. Kraunstaber et
al. (2012) addressed this issue by replacing the BBMM fixed motion variance with a dynamic
motion variance that changes over time with shifts in behavior. These potential shifts in
behavior are examined with a pre-defined sliding window that assesses all points within its
boundaries to search for potential breaks in a set trajectory. From there, all trajectories are
compared with a Bayesian Information Criterion to determine the best fit. For the current study,
a dBBMM was run with a margin of 18, a window size of 31, and a location error of 18 m to
produce utilization density rasters, which were used to produce 95% contours to represent home
ranges (Kranstauber et al. 2012). Running dBBMM was an extremely data-intensive computer
process, which was made possible through the National Science Foundation-funded
supercomputer “Jetstream.” Jetstream is a cloud-based computational system operated by the
India University Pervasive Technology Institute (Towns et al. 2014, Stewart et al. 2015).
Key home ranges were defined as contours with the greatest GPS data point density in
ArcGIS 10.3. ArcGIS was also used to calculate total area (km2) within each polygon. Multiple
small patches within 10 km of each other were grouped into single territories. A two-sided,
paired student t-test was performed in the statistics program R to determine differences in home
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range size according to season (summer/winter) and an Analysis of Variance (ANOVA) was
utilized to examine potential variation across multiple years (2013 – 2016) (R Core Team 2016).
RESULTS
Among the three tagged eagles, 16 separate home ranges were identified from 2013 –
2016, as seen in Table 3.1. The first individual, named Chinggis, was captured at Ogii Nuur,
Arkhangai Province, Mongolia on July 4, 2013. Chinggis transmitted movement data from July
4, 2013 – October 23, 2013 with a total of 33,851 observations. Chinggis occupied four key
summer home ranges located in central Mongolia from July 4, 2013 – September 27, 2013
(Figure 3.4.). Fall migration began September 28, 2013 and remained on-going until the
transmitter signal was lost October 23, 2013, as described in Chapter 5.
The remaining two birds, Durga and Lachit, were captured in Kaziranga National Park,
Assam, India on February 2 - 3, 2014. Durga transmitted from February 1, 2014 – October 22,
2014, with a total of 125,525 GPS data points. Lachit began transmitting February 2, 2014.
Lachit’s unit is currently functioning and data collection is ongoing. As of September 29, 2016,
the data set is comprised of 304,962 observations.
Lachit’s fledging date was estimated to have occurred March 3, 2014. From March 3 to
May 12, Lachit spent the majority of the first winter within 1 km of his natal nest until the onset
of spring migration (Figure 3.6). In 2015, Lachit settled in a single location from November 10,
2014 – March 20, 2016 (Figure 3.8). The next day he began to wander along the Chindwin River
for three days. He returned to his previously occupied territory where he remained from March
23 – April 4 2016. In 2016, Lachit arrived at his winter destination on October 27 and occupied
his winter territory from 2015 until March 15 (Figure 3.8). From there, he followed the Chindwin
River and returned to his prior home range March 23. Spring migration began the following day.
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Durga fledged 21 February 2014. She remained within 1 km2 of her natal nest until spring
migration, May 11, 2014 (Figure 3.6). Upon arrival to the first temporary territory (5.51km2)
along the southwest Mongolia-China political border beside a marsh connected to Bayan Nuur,
Durga remained there until June 28 (Figure 3.3). From there, the eagle continued north to another
wetland between Bayan Nuur and Hulun Nuur until July 19. She occupied a seven small patches
that were within 10 km of each other that were visited intermittently. The total size was 13.08
km2, as seen in Figure 3.4. By August 3, the individual occupied a five small territories
(area=28.68 km2) within the Daurian Steppe along the China-Russia border within the Amur
Heilong River Basin, where it remained until fall migration, September 23, 2014 (Figure 3.5).
No significant difference was found in juvenile Pallas’s Fish Eagle mean home range size
for summer (53.93 ± 63.03 km2) and winter (38.9 ± 43.8 km2) (student’s paired T-test, P>0.05).
Average home range size did not vary significantly across multiple years (2013 – 2016)
(ANOVA, P>0.05). A single juvenile, Lachit, transmitted from Feb. 2014 – October 2016. Site
fidelity was observed throughout the sampling period for all seasons. A week before migration
onset, all tagged individuals demonstrated “restless” movements for 1 – 5 days before returning
to a previously occupied territory for the remainder of the season.
DISCUSSION
One of the key issues with pursuing conservation actions for Pallas’s Fish Eagles is a
complete lack of data concerning their habitat ecology and home ranges (Davaasuren et al. 2010,
BirdLife International 2014). In order to effectively put aside habitat for a migrant to persist in, it
is important to first identify the resources being actively selected upon and the overall amount of
area and individual may require (Manly et al. 2002). In an effort to address this gap in
knowledge, this study provided baseline data on the amount of area utilized by juvenile “floater”
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Pallas’s Fish Eagles during their dispersal, as well as summer/winter locations. Through the use
of data collected by GSM-GPS juvenile Pallas’s Fish Eagles were observed throughout the
duration of their summer (n=5) and winter (n=5) non-migration periods from 2013 – 2015.
In 2014, the calculated winter range for Durga and Lachit represented their initial
dispersal. Both individuals would venture on exploratory flights during the day, but always
returned to roost near the nesting site. For the duration of their post-fledgling period, both birds
remained with 1 km of the nest. This suggests that the fledglings may have relied upon parental
care until the beginning of their first migration period (~ 11 weeks). This is consistent with
previous studies that have shown many eagle and vulture species rely upon parental care for
several months after fledgling, in contrast to other smaller raptors, like falcons and buteos (Wood
et al. 1998, Hunt et al. 1992). Wood observed four nestling Bald Eagles (Haliaeetus
leucocephalus) in north-central Florida throughout the duration of their fledging period. Overall,
82% of the fledgling observations were within 1 km of the nests, and the maximum distance
traveled was 4 km (Wood et al. 1998). Similar behavior by fledgling Bald Eagles was also
observed in northern California by Hunt et al. (1992). Post-fledging birds would disperse to
nearby freshwater sources during the day and receive food from both parents, but returned to
roosts near the nesting sites at night until the start of migration (Hunt et al. 1992).
It is interesting to note, that while both birds fledged from the same nests, they chose to
migrate at different times and occupied different summer and winter locations that were over
1,500 km apart. Further, Lachit, the only tagged individual with more than one complete year,
never returned to his natal nest site. Instead, the juvenile dispersed to Myanmar and occupied the
Hukaung Valley Wildlife Sanctuary from November to April in 2015 and 2016. Further, he
displayed strict site fidelity, aside from a short restless period from which he would forage along
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the Chindwin River three days before the onset of migration. Similar site fidelity behavior was
observed for this bird in Mongolia from May – October every year since his hatch year. An
initial exploration period occurred in 2014, where a brief period of time was spent at Ogii Nurr
(Home Range 9 and 10). However, upon arriving in the northern section of the Orkhon River, the
remainder of that first summer was spent within Home Range 11. For three consecutive summers
to the present, Lachit has been observed returning to the Orkhon River, as seen in Figure 3.2.
While Lachit occupied central Mongolia, Durga flew further east. Her first stop was a
floodplains system just west of Bayan Nuur, and the second was another between Hulun Nuur
and Bayan Nuur (Figure 3.3 – 3.4). However, each location was only occupied for 2 – 3 weeks
before Durga moved on. Durga’s final destination was the Amur Heilong River Basin, located
along the Chinese-Russian border (Figure 3.5). The Amur Heilong River Basin is within the
Daurian Steppe, a grassland, which extends from the adjacent borders of Mongolia, China, and
Trans-Baikal Russia. The largest river in the area is the transboundary, Argun River that lies
between China and Russia (Goroshko 2012). For the majority of that first summer, Durga
occupied the shores of the Argun River directly south of Tsurukaitu. The Argun River and the
entire Amur Heilong River Basin is an ecologically important habitat for several other threatened
species, including the Great Bustard (Otis tarda), Swan Goose (Anser cygnoides), and Redcrowned Crane (Grus japonensis). Goroshko (2012) reports that this region faces risk from
several sources. In the past two decades, rainfall has decreased significantly throughout the
region, reducing the available wetland habitat and making the landscape more susceptible to fire.
From 1998 – 2009, the available wetland habitat had decreased by 98%, and it is reported that 60
– 70% of the Daurian Steppe’s wetland habitat in Russia burns every spring. It is important to
note that the Chinese-owned side is a protected wetland, while the Russian side is not. The issues
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are further compounded by water pollution originating from industrial plants upstream within the
Hailar River, which feeds directly into the Argun. The industrial waste acts as a direct
contaminant that passes from fish to waterfowl and fishing eagle that prey upon them (Goroshko
2012).
Chinggis’s only provided a single season of home range and habitat use. However, his
behavior did appear to differ from the two fledglings. Chinggis was at least a second year
individual, and tended to occupy four distinct home ranges for a near equal amount of time.
Chinggis left Ogii Nuur in July 2013. This may be partially due to the increased tourism in the
region due to Naadam, the annual sports holiday that occurs in the beginning of July every year.
At that time, hundreds of people from Mongolia’s capital Ulaanbataar will camp along Ogii
Nuur. The western shoreline is supposed to be a Ramsar protected wetland site. However, during
the study, I observed several instances of illegal camping with large amounts of trash being left
behind. This trash was actively foraged upon by juvenile Pallas’s Fish Eagles and White-tailed
Eagles. After leaving Ogii Nuur, Chinggis remained alongside the Orkhon in Bulgan until two
weeks prior to migration, where he suddenly shifted to the Tov River (Figure 3.7).
Similar to North America’s Bald Eagle (Haliaeetus leucocephalus), juvenile Pallas’s Fish
Eagles appeared to rely on freshwater sources, particularly freshwater sources with large
populations of ducks, geese, gulls, and terns (Gilbert et al. 2014). The presence of the waterfowl
may in part be indication of an abundant source of fish. However, the birds are also a potentially
important prey item for Pallas’s Fish Eagles in the summer (BirdLife International 2001).
Further, like Bald Eagles, individuals were observed feeding upon a wide array of prey items,
including waterfowl, carrion, and kleptoparasitized fish (Dunstan and Harper 1975). However,
while Bald Eagles are commonly seen around lakes and bays, the current study’s tagged
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juveniles appeared to actively select for wetlands, rivers, and deltas, despite a high availability of
lake shoreline in Mongolia (Buehler et al. 1991).
Overall, in terms of total area utilized by juveniles, average home range size did not
differ significantly by season (summer vs. winter) or across multiple years (2013 – 2014). These
results are unsurprising because the three birds were not sexually mature; therefore, the necessity
of occupying, and defending, a larger territory during the breeding season is unnecessary.
However, if the birds were active, breeding individuals, home range size may differ according to
season. For Golden Eagles (Aquila chrysaetos), several studies have indicated that average home
range fluctuates according to breeding and non-breeding behavior (Braham et al. 2015, Watson
et al. 2014). However, Bald Eagle territories do not always fluctuate according to the breeding
season. Garrett et al. (1993) reported that Bald Eagle home range size depended on multiple
factors, including population density, habitat suitability, and food availability. Moss et al. (2014)
provided supporting evidence for home range fluctuations according to habitat suitability.
Golden Eagles located within Sweden’s boreal forest illustrated an inverse relationship with
clear-cut forests. As the amount of clear-cut forest, and the ease of accessing prey by proxy,
increased, average home range size decreased (Moss et al. 2014).
With this train of thought, it is feasible to assume that food availability may not fluctuate
between summer and winter. For example, some Bald Eagles’ migration timings coincide with
the spawning of kokanee salmon (Oncorhynchus nerka). Individuals were able to account for a
fluctuating prey source that peaks in November and December (Restani et al. 2000). A similar
scenario may be observed for their distant relatives in Asia. Pallas’s Fish Eagles undergo an
extensive migration of >4000 km from the Indian Subcontinent to the northern steppe habitat of
Mongolia, Russia, and China, as described in Chapter 4. From October to April, wetland habitat
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within the Indian Subcontinent dry out and fish populations are compacted into shallow pools.
This dramatically increases the chance of success for foraging Pallas’s Fish Eagles. During
trapping efforts in 2014, I observed a 98% success rate for fishing efforts. However, at least a
portion of the juveniles and breeders migrate north before the onset of the southwest monsoon in
May – June. If the eagles remained in the area during the monsoon’s annual flooding events,
foraging effort requirements may increase significantly. Therefore, the birds may have a greater
success of foraging within the shallow rivers and floodplains of the steppe. Overall, this study
provides supporting evidence suggesting that freshwater sources in the form of rivers, streams,
and deltas influences home range selection for Pallas’s Fish Eagles. In contrast, lake shoreline
did not appear to be an attractive resource. This may, in part also be attributed to foraging effort.
Pallas’s Fish Eagles are not typically diving foragers. They prefer to feed upon fish trapped in
shallow water or kleptoparasitise other piscivorous species, including Ospreys. A final point to
note is that juveniles may return to the same summer/winter territory annually, as indicated by
Lachit’s seasonal movements and home range selection from 2014 – 2016.

43

TABLES
Table 3.1 Data collection period for the three tagged individuals was from July 2013 to
September 2016.
Home Range
Individual
ID Number
Season
Year
Chinggis
Durga
Lachit

1-4
5-7
8
9 - 11
12-13
14
15
16

Summer
Summer
Winter
Summer
Winter
Summer
Winter
Summer

2013
2014
2014
2014
2014
2015
2015
2016

Table 3.2 Territory list and total area (km2) for tagged individuals from 2013 – 2016.
Home Range
2
Individual
ID Number
Season Year Area (Km )
Chinggis
1
Summer 2013 115.874742
Chinggis
2
Summer 2013 40.820591
Chinggis
3
Summer 2013 81.336817
Chinggis
4
Summer 2013 219.312374
Durga
5
Summer 2014 5.513395
Durga
6
Summer 2014 13.082373
Durga
7
Summer 2014 28.677357
Durga
8
Winter 2014 1.122185
Lachit
9
Summer 2014 0.822391
Lachit
10
Summer 2014 8.436219
Lachit
11
Summer 2014 9.916964
Lachit
12
Winter 2014 1.036295
Lachit
13
Winter 2015 72.147353
Lachit
14
Summer 2015 47.988606
Lachit
15
Winter 2016 81.264947
Lachit
16
Summer 2016 75.419951
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FIGURES

Figure 3.1 Home ranges 1 - 16 of tagged individuals (n=3) from 2013 – 2016.
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Figure 3.2 Home ranges (95% contour) occupied by Lachit from May to Sept. 2014 – 2016.
Territory averaged at 28.52 km2 (sd = 32.0).
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Figure 3.3 Home range 5 (95% contour) occupied by Durga from June 16 – 28, 2014. Total area
occupied was 5.51 km2.
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Figure 3.4 Home range 6 (95% contour) occupied by Durga until July 19, 2014. Territory size
was a total of 13.08 km2.
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Figure 3.5 Home range 7 (95% contour) occupied by Durga from August 8 – September 22,
2014. Home range size was a total of 28.68 km2. The white-dashed line represents the RussiaChina border.
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Figure 3.6 Home ranges 8 and 12 (95% contour) occupied by Durga and Lachit from February 2
– May 13, 2014. Territory size was 1.1 km2 and 1.0 km2, respectively.
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Figure 3.7 Home ranges 1 – 4 (95% contour), from left to right, occupied by Chinggis from May
– September 2013. The total area occupied by home ranges 1 – 4 was 115.87 km2, 40.82 km2,
81.34 km2, and 219.31 km2. Total territory (n=4) averaged at 114.33 km2 (sd = 76.4).
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Figure 3.8 Home ranges 13 and 15 (95% contour) occupied by Lachit from Nov. to Apr. 2014 –
2016. Home range 13 and 15, summed at 72.15 km2 and 75.42 km2, respectively. The combined
habitat use averaged at 76.7 km2 (sd = 6.4).

52

60
50
40
30
20
0

10

Home Range Area Km2

Summer

Winter
Season

Figure 3.9 Mean home range size (km2) for all tagged individuals from 2013 – 2016 by season
(summer/winter).
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CHAPTER 4. JUVENILE PALLAS’S FISH EAGLE MIGRATION IN ASIA
ABSTRACT
Pallas’s Fish Eagle is considered a partial migrant, with a range that extends over 3,000,000 km2
throughout Asia. Historically, the species was thought to breed in Mongolia, China, and the
Indian Subcontinent. However, a recent study by Gilbert et al. (2014), found no evidence of
breeding with Pallas’s Fish Eagle surveys or peer-reviewed literature. They hypothesized that all
individuals observed in the northern latitudes were dispersed breeders and juveniles from the
Indian Subcontinent. Further review of Pallas’s Fish Eagle observations from 1850 – 2016,
described in Chapter 2, supports this hypothesis, but a complete Pallas’s Fish Eagle migration
has never been recorded through satellite telemetry or direct observations through mark-andrecapture work until now. From 2013 – 2014, three juvenile Pallas’s Fish Eagles were fitted with
70 g solar-powered, GSM-GPS satellite telemetry units in the form of Teflon. All individuals
underwent an extensive migration (>4000 km) with overlapping route and timing. The current
study provides the first look at Pallas’s Fish Eagle migration in Asia. Results provide strong
supporting evidence of a previously unknown global connectivity between individuals observed
in the northern and southern extents of the global population. Further, there is no clear
relationship between the timining of the onset of the summer monsoon and Pallas’s Fish Eagle
spring migration. However, it is interesting to note that all fall migration events took place after
the withdral of the summer monsoon and the seasonal shift in winds.
INTRODUCTION
Migration is a behavior observed in ~4000 species of birds, including more than 200
species of raptors (Bildstein 2006). Overall, the seasonal movements are considered a high-risk
and energy-expensive strategy, especially for juveniles and subadults (Newton 2008). Yet,
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unique combinations of extrinsic and intrinsic factors that may vary according to species, age,
and geographic location have a direct impact upon flight strategies (Mellone et al. 2012). To
complete a successful long-distance migration, individuals must meet three basic requirements
(Bildstein 2006). First, migration must be completed with a time frame that coincides with
advantageous ecological and climatic conditions. Second, migrating individuals must be able to
locate an acceptable habitat to support themselves through the breeding or non-breeding season.
Third, they must arrive at the intended destination in a physical condition that will allow for
survival and the production of possible offspring. These three conditions are met by numerous,
species-specific combinations of physiological and environmental variables (Bildstein 2006,
Newton 2008).
Overall, energy is the ultimate factor that determines the success of a migration. Birds
migrating over land must utilize at least one of two different modes of flight: flapping or soaring.
Powered flapping flight requires more energy than soaring flight (Hedenstrom 1993). Further,
the amount of energy required for flight is directly related to a bird’s mass; the greater the mass,
the more energy is required to sustain flight (Pennycuick 1972, Hedenstrom 1993). Smaller birds
are able to sustain flight over long distances without subsidizing flight with vertical air flow, but,
as mass increases, species become semi-obligate and obligate, soaring migrants (Kerlinger
1989).
With a dependence on vertical air flow, soaring migrants will seek out advantageous
environmental conditions. This may be in the form of vertical winds or updrafts, including
orographic lift and thermals (Pennycuick 1998, Bildstein 2006, Johnston et al. 2014). Thermals
are columns of rising, warm air that develop in calm conditions or in sheltered valleys when the
ground absorbs solar radiation; thermal potential usually peaks on sunny days in mid-morning
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and continues through the afternoon (Bilstein 2006, Bohrer et al. 2011). Soaring birds utilize
thermals by circling within in them to the top, then gliding to the next one (Pennycuick 1983). In
contrast to thermals, orographic lift is generated on windy days where horizontal winds strike
slopes or mountain ridges perpendicularly, creating a deflective updraft that soaring birds can
glide along (Bildstein 2006, Bohrer 2011). During flight, soaring birds over land may utilize
either of the two updraft conditions (Johnston et al. 2014).
As indicated by the previously described shifts in flight tactics according to wind speed,
avian flight behavior is dependent upon a variety of biological, temporal, spatial, and
atmospheric conditions, including species, season, topography, and weather (Shamoun-Baranes
et al. 2010, Wang et al. 2015). Different species will also rely upon different conditions
according to physical characteristics such as wing shape and body weight. For example, large
eagles (>2 kg) rarely utilize thermals in the early mornings and late evenings due to weaker
thermal activity. If the eagles are flying in the early morning hours, there is a higher probability
that flight will be subsidized by orographic uplift instead of thermals (Fergus-Lees and Christie
2001, Katzner et al. 2015). In contrast, Western Honey Buzzards (Pernis apivoris) (Linnaeus,
1758) whose wingspans are ~40% smaller, regularly soar at those times (Ferguson-Lees and
Christie 2001). Overall, body size directly affects flight behavior. Storks, eagles, and vultures
could be classified as obligate or semi-obligate soaring birds that will shift between thermals and
orographic lift according to time of day. In contrast, smaller soaring birds, like accipiters, will
exhibit different flight tactics that are independent of environmental conditions, such as greater
instances of flapping flight and movement in the early morning/late evening, since lighter
individuals require less (Spaar and Bruderer 1997, Ferguson-Lees and Christie 2001).

59

Pallas’s Fish Eagle is currently classified as a “partial migrant,” where <90% of the
global population migrates regularly (Bildstein et al. 2006). However, it is important to note that
there are little comprehensive data supporting this classification. Until now, there has never been
a comprehensive study of the species’ seasonal movements. As described in Chapter 2, historical
observations provide supporting evidence of a global migration event that occurs in April and
October. Further, records in Myanmar indicated that Pallas’s Fish Eagles disappeared from the
rivers just before the onset of the southwest monsoon precipitation (BirdLife International 2001).
Gilbert et al. (2014) also argued that there has never been a confirmed record of Pallas’s Fish
Eagles breeding in Mongolia. This is feasible with Mongolia’s extremely harsh winter climate
that can fall to temperatures that exceed 30°C (Rohli and Vega 2015). At that temperature, all
water sources are frozen and prey would be extremely limited. Thus, it is likely that individuals
observed within the northern extent of their global range are dispersed juveniles and breeders
from the Indian Subcontinent and possibly the Middle East.
In terms of advantageous environmental conditions to reduce energy expenditure in
foraging or migrant soaring birds, vertical air flow is the key. This may be in the form of vertical
winds or updrafts, including orographic lift and thermals (Pennycuick 1998, Bildstein 2006).
Thermals are columns of rising, warm air that develop in calm conditions or in sheltered valleys
when the ground absorbs solar radiation; thermal potential usually peaks on sunny days in midmorning and through the afternoon (Bohrer et al. 2011). Different landscapes also have different
thermal potentials. Darker surfaces tend to absorb more solar radiation. Slope aspect also impacts
thermal potential. Slopes facing the east will have greater solar absorption in the mornings than
the west, and vice versa in the afternoons. Also, dry environments, such as an outcropping of
bare rock, tend to warm faster than areas with vegetative cover; thus, they also tend to have a
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greater thermal potential. Thermal potential tends to vary according to season as well. There are
greater periods of solar radiation in the summer months, as opposed to winter; therefore, there
are more thermals (Bildstein et al. 2006). Soaring birds utilize thermals by circling within them
to the top, then gliding to the next one (Pennycuick 1983). In contrast to thermals, orographic lift
is best on turbulent, windy days where horizontal winds strike slopes perpendicularly, creating a
deflective updraft that soaring birds can glide along (Bohrer 2011). Horizontal winds may also
prove beneficial to migrants in the form of tail winds; yet, serve as a hindrance in the form of
head winds (Bildstein et al. 2006).
Flight behavior can also be determined by large-scale, seasonal atmospheric conditions
(Elkins 1983, Bildstein 2006). Every spring and fall, Asia’s predominant winds and precipitation
events are affected by seasonal shifts in monsoon circulation (Fein and Stephens 1987). The East
Indian monsoons are the traditional heralds of changing seasons in Asia. As such, the Arabic
origin “mausim”, or season, is fitting (Fein and Stephens 1987). The seasonal movements of
summer and winter monsoons are key to life in Asia, including a large bulk of the global, human
population (De Carvalho et al. 2015). From an anthropocentric view, half of the global human
population is sustained on monsoonal precipitation, and 75% of the total water utilized in South
Asia is from the summer monsoon (Rodwell and Hoskins 2001, Saeed et al. 2011). The
southwesterly summer monsoon accounts for close to 70% of the overall annual mean
precipitation on the Indian subcontinent (Fan et al. 2010). Furthermore, monsoon circulation is
directly responsible for the structure of Asia’s predominant biomes (Claussen 1995, Jiang et al.
2006, Rohli and Vega 2015). For example, the greatest precipitation occurs south of the
Himalayan Mountain range, as evident by the occurrence of tropical and subtropical regions. In
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contrast, the region north of the Himalayas experiences a rain shadow effect and is primarily
composed of desert and steppe (Rohli and Vega 2015).
The simplest definition of a monsoon is a seasonal shift in winds (Fein and Stephens
1987). Asia’s monsoon circulation is broken into two seasons, the “wet season” and “dry season”
that coincide with “high sun” and “low sun” seasons (Fein and Stephens 1987, Rohli and Vega
2015). The wet season, known as the southwest monsoon, or summer monsoon, represents
warm, moist growing seasons with excessive rainfall from May to September (Fein and Stephens
1987, Wang et al. 2009). The dry season northeast, or winter monsoon, is a cool, dry period that
occurs from October to April (Fein and Stephens 1987). The transition between the two
monsoons is distinct in terms of predominant wind direction and precipitation rates. The summer
and winter monsoons occur every year in a generic cycle, but no two seasons are completely
uniform, with variations in strength and onset timing on a micro-scale, year-to year basis, and a
macro-scale, from era-to-era (Trewartha 1981, Fein and Stephens 1987, Jiang and Lang 2010).
The monsoon circulation range, defined by shifts in predominant wind direction,
encompasses equatorial Africa and a large portion of Asia (Schneider 1996). The process behind
the wind shifts is an interrelated, three-dimensional land-ocean-atmospheric system (Jiang and
Lang 2010). In general, there are three interconnected driving forces behind monsoons:
differential heating of the land/ocean, wind flow, and moisture flow (Fein and Stephens 1987,
Wu and Zhang 1998). However, the ultimate driving force of the earth’s atmosphere is the
seasonal shift of the sun’s perpendicular rays upon the Earth’s surface as the planet rotates
around the sun in an approximate 365 day cycle (Rohli and Vega 2015).
The first monsoon circulation model was created by British royal astronomer Charles
Halley in 1686 (Yoshino 1984). The “sea breeze-land breeze system” theorized monsoon
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circulation was a result of differential heating between the land and ocean, caused by the sun’s
annual cycle from the Tropic of Capricorn to the Tropic of Cancer (Fein and Stephens 1987).
The sun’s zenithal march also explained the seasonal shift from high to low pressure systems
within intercontinental Asia (Fein and Stephens 1987). However, monsoon circulation is not a
closed, stationary system driven by thermal contrast alone (Trewartha 1981). It is important to
note, the hottest temperatures typically occur in May, while the monsoon doesn’t encompass
south and central Asia until June. Therefore, the system is not solely thermal (Trewartha 1981).
Halley’s model also failed to take the Earth’s rotation into account (Fein and Stephens 1981).
The air circulation that directs monsoon flow is deflected by the Earth’s rotation (Coriolis
deflection) as southwesterlies or northeasterlies, instead of straight north or south as in Halley’s
model (Fein and Stephens 1987, Rohli and Vega 2015). Jet streams influenced by seasonal shifts
in atmospheric pressure and topography play a major role in collecting warm, moist air to feed
the monsoon circulation and its trademark high precipitation (Schneider 1996).
The perpendicular rays of the sun are the ultimate driving force behind seasonal shifts in
atmospheric circulation (Rohli and Vega 2015). Physics of air circulation determine that dense,
cold, high pressure systems automatically flow towards warmer low pressure systems. This
annual land-ocean temperature gradient shift in pressure systems directly impacts the seasonal
direction of wind flow (Fein and Stephens 1987). During the Northern Hemisphere’s winter, the
perpendicular rays of the sun are aimed towards the Southern Hemisphere around the Tropic of
Capricorn (Ramage 1971). At this time, the northern Hadley cell is weak and the Intertropical
Convergence Zone (ITCZ), a moist low pressure area where the southeast and northeast trade
winds collide and flow east to west, is drawn towards the equator following the shift in solar
radiation (Oliver 2005, Rohli and Vega 2015). Due to Asia’s continentality, land surface
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temperature becomes cooler than the ocean fairly quickly without any near bodies of water to
store latent heat. This condition supports the development of the “Siberian High” (Rohli and
Vega 2015).
The Siberian High is a thermal-driven anticyclone that develops over northwest Mongolia
during the Northern Hemisphere’s winter (Yoshino 1984). The Siberian High is a fairly shallow
anticyclone high pressure system that extends 2,000-3,000 m in the troposphere (Yoshino 1984).
Its downward-tilting, east edge is a key component to the development of the mid-latitude steppe
and mid-latitude desert climate (Rohli and Vega 2015). As the ITCZ retreats south towards the
maritime continent (Indonesia, Borneo, South China Sea, Malaysia, and Java Sea), strong
northeasterly winds originating from the North Pacific coast force cool, dry air south over Asia
(Schneider 1996).
In the Northern Hemisphere summer, the perpendicular rays of the sun are focused at the
Tropic of Cancer, resulting in a greater amount of direct sunlight than the Southern Hemisphere;
thus, creating a “high sun season”. At this time, the continent absorbs a large amount of solar
radiation. The lack of major water bodies cause the interior land mass to heat quickly, instead of
warming slowly through water heat absorption. At this time, soil temperature surpasses ocean
temperature. As the sea surface temperature becomes cooler than the land surface temperature,
the Siberian High is replaced by a thermal low pressure system, known as the Tibetan Low. The
increased sunlight strengthens Hadley cell circulation, and the ITCZ is drawn north (Rohli and
Vega 2015). The ITCZ can migrate as far as the Tibetan Plateau, but the cool westerly air flow
from the polar region prevents the circulation from flowing any further (Jiang et al. 2006, Rohli
and Vega 2015).
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The Tibetan Plateau plays a significant role in the onset of the southwest monsoon and
supports the summer circulation. The plateau acts as an elevated heat source, similar to a hot
plate, after the winter glacier thaws and alters the differential heating between land and ocean
(Wu and Zhang 1998). Further, predominant winds striking the ridges of the Himalayas creates a
deflective updraft that forces the warm moist air higher into the atmosphere (Rohli and Vega
2015). Around June, the ITCZ migrates north and the southwest monsoon begins as the monsoon
circulation cross the Indian subcontinent. When the flow crosses the Bay of Bengal, the
monsoon circulation picks up more warm, moist air to further fuel rising air flow and results in
the characteristic heavy precipitation that occurs as it is forced upwards against the Himalayas
(Trewartha 1981). Areas along the southern edge of the Himalayas receive some of the highest
amounts of rainfall in the world; Cherapungi, India holds the world record for the largest amount
of rain within a month at an astonishing 929.99 cm (Rohli and Vega 2015). This mechanical
forcing of air flow, combined with the thermal driven Tibetan Low, drives the Indian monsoon
along intercontinental Asia as its primary source of precipitation (Wu and Zhang 1998).
As previously stated, the physical topography of Asia plays a large role in the formation
of the monsoons. Yet, the monsoons have a huge impact on the wide variety of climates that
make up Asia’s landmass. Asia is the largest continent in the world; there is an example of every
climate in the Köppen classification system due to its expansive coverage across over 160°
longitude (Rohli and Vega 2015). Due to the continent’s enormous size, the interior is without
any major sources of moisture. Asia’s high continentality creates a highly seasonal atmosphere
and conditions that produce the seasonal and diurnal climactic extremes that influence the
thermal drive of the monsoonal circulation (Rohli and Vega 2015). However, it is important to
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note, monsoon timing and strength vary significantly on a yearly and decadal scale (Trewartha
1981).
Studies have shown a decline in south Asia’s summer monsoon circulation in the late
twentieth century (Fan et al. 2010). According to macro-scale historical records, one would
reason that the global climate is entering a glacial period (Jiang and Liang 2010). However,
converse evidence illustrates an increase in average global temperature, as well as CO2 (Garrison
1999). Fan et al. (2010) proposes two main anthropogenic sources altering the summer monsoon
circulation: greenhouse gases and tropospheric sulfate aerosols. This is a complex alteration; the
initial result of increased greenhouses gas emissions should increase southwestern monsoon
precipitation due to a ratio increase of water vapor mixing in the atmosphere (Fan et al. 2010).
However, climatologists hypothesize that tropical circulation will weaken in response to rising
sea surface temperatures (SSTs). In the past 50 years, SSTs have risen quickly, at an estimate of
~ 0.05 K (Bollasina et al. 2011).
The predominant wind shifts associated with the onset and withdrawal of the monsoon
can be vital to reduce energy expenditure by providing tailwinds for long-distance migrants
(Elkins 1983). For example, Amur Falcons (Falco amurensis) (Radde, 1863) have a massive
transcontinental migration that exceeds 22,000 km roundtrip from their breeding grounds in
northeast Asia to their wintering grounds in eastern Somalia and Kenya. The falcons are
dependent upon established “easterlies” and sea thermals in late November and December that
provide optimal tail wind conditions for the over-water portion of their migration across the
Indian Ocean (Fein and Stephens 1987, Bildstein 2006). This strategy allows the birds to
significantly reduce the journeys metabolic demands and extend the availability of fat reserves
until their arrival in Africa.
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In the event of an extensive migration over the Himalayas, it is likely that Pallas’s Fish
Eagles may utilize a similar strategy to time seasonal migration events. Therefore, I hypothesized
that the onset of migration coincided with the seasonal shift of predominant winds associated
with the southwest and northeast monsoon. Further, Pallas’s Fish Eagles could be considered an
obligate soaring species based upon their mass (2.5 – 3.5 kg); therefore, flight should be
subsidized by advantageous environmental conditions, such as thermal uplift, tailwinds, or
orographic uplift (Kerlinger 1989).
MATERIALS AND METHODS
Capture and Marking
The current study utilized GPS data collected from three juvenile Pallas’s Fish Eagles
that were fitted with solar-powered, 70 g GSM-GPS transmitters (Microwave Telemetry, Inc.,
Columbia, MD, USA). For further information of capture methodology, refer to chapter 4.
Data Preparation
The GSM-GPS transmitters collected data during daily hours every 1 – 5 minutes and
every 30 – 90 minutes nightly, depending on the device’s internal battery charge. Data collected
by the transmitters included GPS coordinates, time stamp (YYYY/MM/DD hh:mm:ss), altitude
(m), flight speed (m/s), orientation (°N), vertical dilution of precision (VDOP), horizontal
dilution of precision (HDOP), and total satellite count. GPS data accuracy was estimated at ±18
m horizontal and ±20 m vertical. When the unit was within range of GSM cell towers, GPS data
was uploaded once per day and emailed to the principal investigator in a .csv and .kmz file
format. In the event that the transmitter was beyond cell coverage, data was logged within the
transmitter. Each device had the capability to backlog up to 258,000 GPS coordinates. Data was
also uploaded to Movebank.org (Wikelski and Kays 2016).
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GPS data were filtered using a general purpose speed filter with a valid neighbor
algorithm provided by Movebank.org (Wikelski and Kays 2016). The speed filter takes into
account an animal’s maximum plausible speed (m/s) and the GSM-GPS units estimated location
error (m). With the valid anchor algorithm, GPS coordinates were compared to subsequent
locations (n, n+1, n+2 …). If the distance between n and n+1 required a speed that exceeds the
pre-defined maximum speed of 35 m/s, the data point was marked as an outlier and removed
from the analyses. In addition, coordinates were filtered according to each data point’s VDOP
and HDOP. GPS precision is directly impacted by the number of satellites above the elevation
mask angle, which is reflected in the form of the HDOP and VDOP. Data points with low HDOP
and VDOP values retained a higher level of accuracy (Langley 1999). Coordinates with a VDOP
or HDOP >10 were removed from the data set as poor quality observations (Langley 1999,
Wikelski and Kays 2016). A final visual check of data distribution was conducted and less than
1% of the remaining data were removed manually as outliers. Data were further broken down
into one of two subsets: migration or non-migration. The onset of migration identified by a
diversion from normal daily activity (e.g. remaining within the immediate vicinity of a
freshwater source) and movements that exceeded 200 km per day.
Weather Data Collection and Analysis
In order to examine the relationship between the seasonal movements of Pallas’s Fish
Eagles and shifts in monsoon circulation, the monsoon onset/withdrawal was set according to the
India Meteorological Department (IMD) (Pai and Bhan 2014, Pai and Bhan 2015, Pai and Bhan
2016, IMD 2016). To assess potential effects of atmospheric conditions upon the onset and
duration of migration, NCEP/NCAR Reanalysis data were used to map sea level pressure and
vector winds at 1000 mb for the onset and entirety of each migration event (Kalnay et al. 1996).
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The Movebank.org ENV-DATA system gathered ECMWF Reanalysis Interim Full Daily SFC
Wind (10 m above Ground U and V Component) for each GPS point in a migration event
through bilinear interpolation (Dee et al. 2011, Dodge et al. 2013). The wind data were used to
calculated potential tailwind assistance (m/s) in R, based on methods set by Bohrer et al. (2011)
and Safi et al. (2013) (R Core Team 2016). In addition, Movebank also provided derived thermal
uplift (m/s) and orographic uplift (m/s) data for each GPS point through bilinear interpolation
(Dodge et al. 2013). Orographic uplift was calculated with the ASTER ASTGTM2 Global 30-m
Digital Elevation Model and the ECMWF Global Atmospheric Reanalysis with nearest-neighbor
interpolation. Thermal uplift was also created from ECMWF Global Atmospheric Reanalysis
with bilinear interpolation (Dodge et al. 2013). After the removal of all records with speeds <1
m/s, the relationship between flight speed (m/s) and thermal uplift, orographic uplift, and
tailwind assistance was examined with a linear regression analysis.
RESULTS
Transmitter Deployment and Activity Duration
The first individual, named Chinggis, was captured at Ogii Nuur, Arkhangai Province,
Mongolia on July 4, 2013. Chinggis transmitted movement data from July 4, 2013 – October 23,
2013 (112 days) with a total of 33,851 observations. The remaining two birds, Durga and Lachit,
were captured as fledglings in Kaziranga National Park, Assam, India on February 2 - 3, 2014.
Durga and Lachit fledged February 21 and March 3, respectively. Both individuals remained
close to their natal grounds until the onset of their first spring migrations. Durga transmitted from
February 2, 2014 – October 22, 2014 (263 days), where the signal was lost in the Himalayas
during fall migration. The unit amassed a total of 125,525 GPS data points. Lachit transmitted
from February 3, 2014 – October 17, 2016 (988 days) with a total of 309,860 coordinates.
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Spring Migration
Spring migration was observed only for Durga and Lachit from 2014 – 2016 (Figure 4.2).
Durga migrated from May 11, 2014 – June 16, 2014 (37 days). The unit transmitted an average
of 692 coordinates per day and ground speed was 17 m/s. Durga flew 7810 km from the onset of
migration in northeast India to the end in eastern Mongolia. Lachit’s migration onset occurred
two days later and lasted 21 days (May 13 – June 2). The first spring migration transmitted an
average of 773 coordinates per day (n=17012) at an average speed of 19 m/s. The overall
distance traveled during the duration of the period was 7991 km from northeast India to central
Mongolia. Both individuals flew directly over the Himalayan Mountains. Durga reached a
maximum altitude of 21611 ft (6587 m) and completed the crossing within 7 hours (12:00 –
19:00). Lachit peaked at 20909 ft (6373 m) and made the Himalayan crossing within the span of
nine hours (10:00-19:00).
Lachit’s second spring migration lasted 22 days (April 5 – 26) and ended with his return
to the territory occupied the previous summer in central Mongolia. The unit collected an average
of 297 data points (n=6824) and the average flight speed was 14 m/s. The return flight from
northern Myanmar to Mongolia was considerably shorter than the previous year at a total
distance of 4780 km. The third migration lasted 22 days (March 24 – April 11) from the winter
territory occupied in the previous year to the summer territory. The total distance was also
comparable at 4658 km. The unit collected an average of 348 coordinates per day (n=6968) with
an average flight speed of 14 m/s.
Fall Migration
A total of four fall migration events occurred from 2013 – 2015 (Figure 4.1). Chinggis’s
fall migration from central Mongolia began September 28, 2013 and remained on-going until the
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transmitter signal was lost on October 23, 2013 (26 days) in the Himalayan Mountains. The total
distance traveled until signal loss was 4972 km. During fall migration, the GSM-GPS unit
collected an average of 342 coordinates per day (n=6841). Average flight speed was 13 m/s.
Durga’s fall migration began September 23, 2014 and continued until the signal was lost in the
Himalayas on October 22, 2014 (30 days). Average travel speed with 17 m/s and 547 coordinates
per day (N=16419). Lachit’s first fall migration was from October 2 – November 10, 2014 (40
days). The average speed was 15 m/s with 366 coordinates per day (n=15001). The second
migration occurred from October 2 – 27, 2015 (26 days). The average speed was 13 m/s with
308 coordinates per day (n=8329). The third migration occurred from October 10 and continued
until the signal was lost October 17, 2016 in the Himalayas (7 days). The average flight speed
was 12 m/s with 280 coordinates per day (N=2243).
Migration Timing, Monsoon Circulation, and ENSO Transitions
Migration and atmospheric data were collected from 2013 – 2016. From 2013 – 2016, the
onset of the southwest monsoon ranged from June 10 – 13, and the withdrawl occurred from
September 9 – 15. For every tagged individual, all spring migration events began before the
onset of the southwest monsoon (Table 4.2). In contrast, fall migration was always preceded by
the withdrawal of the monsoon (Pai and Bhan 2014, Pai and Bhan 2015, Pai and Bhan 2016,
IMD 2016) (Table 4.2). Over the duration of the study, there was a novel transition between
ENSO neutral conditions from the autumn of 2013, which began a transition to weak El Nino
conditions by October of the following year. By the 2015 spring migration, the El Nino
circulation was in full swing and persisted throughout the year. In 2016, El Nino weakened in the
spring and, by September, transitioned to a developing La Nina (NOAA 2016).
Spring Migration and Atmospheric Conditions
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Derived flight assistance from atmospheric conditions in the form of thermal soaring,
orographic uplift, and tailwinds were collected for a total of four spring migration events for two
tagged individuals from 2014 – 2016 (Chinggis and Durga). Thermal assistance ranged from 0 –
3.919 m/s, and orographic uplift was from 0 – 6.041 m/s, as seen in Figures 4.20, 4.24, 4.28, and
4.30. Tailwind assistance ranged from -10 m/s – 5 m/s (Figures 4.20, 4.24, 4.28, and 4.30). For
all spring migration events, there was a significant negative relationship with flight speed and
tailwinds. In contrast, there was a positive relationship with flight speed and thermal potential for
all spring migrations. Potential flight subsidies with orographic uplift varied among individual
route and timing. Lachit’s flight speed had a significant positive relationship with orographic
uplift every spring migration. However, Durga’s single spring migration did not.
Fall Migration and Atmospheric Conditions
In contrast to spring flight conditions, there was an observed positive relationship
between tailwind assistance and flight speed in a majority of fall migrations. Tailwind assistance
was the sole significant factor with flight speed (m/s) for Chinggis’s fall migration in 2013
(Figure 4.35). In 2014, Durga also had a positive relationship with flight speed and tailwind,
while Lachit’s flight speed was solely related to thermals (Figures 4.22 and 4.32). However,
Lachit’s flight speed showed positive relationships between orographic uplift and thermal uplift
in 2015 (Figure 4.26).
Discussion
The current study provides the first body of information on Pallas’s Fish Eagle migration
in Asia. Despite, historical claims of three separate breeding populations in Mongolia, China,
and India, the current results illustrate a noticeable overlap in migration phenology between
tagged individuals in Mongolia and India. All three tagged individuals showed similar flight
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behavior, including migration timing and paths. At one point, the pathes taken by Lachit and
Chinggis paths over the Himalayas came within a kilometer of each other, which indicated a
potential key crossing point over the Himalyas. In addition, Lachit and Chinggis occupied
identical territories within central Mongolia despite being tagged >3000 km apart. After the nest
dispersal, first year eagles Durga and Lachit demonstrated a noticeably more direct migration
route for the fall migration.
The similarities in migration timing and route provide strong supporting evidence of a
previously unknown global connectivity between individuals observed in the northern and
southern extents of their global range. This information is valuable to current conservation
efforts in several ways. First, the connection between the two populations implies that the
population has the potential to be significantly smaller than past estimates. A conservative
estimate of Mongolia’s Pallas’s Fish Eagle population stands at less than 300 individuals
(Gombobaatar and Monks 2005). If Mongolia’s eagles represents even a quarter of the global
population, the species’s could be facing a greater threat than previously estimated. Currently,
there is literature available for only two country-wide Pallas’s Fish Eagle surveys in Mongolia
(2014) and Pakistan (1970 - 1974) (BirdLife International 2001, Gilbert et al. 2014). With the
potentially dire situation, the species should be reconsidered for uplisting to “Endangered” by the
IUCN Red List review committee. Further, annual country-wide surveys for Pallas’s Fish Eagles
should be coordinated to gain greater insight into the true global popuation.
Another consideration to make with this newly discovered global connectivity is the need
to re-assess threats to the global population. A resident individual will remain within a single
area throughout the year, which makes it easier for land managers to identify and address
dangers to the population. However, migration to a new area for half the year exposes the eagle
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to a new set of risks. For example, Pallas’s Fish Eagles commonly breed in Kaziranga National
Park (26°35’–26°45’N, 93°05’–93°40’E), a popular ecotourism site and UNESCO world
heritage site located within the Indian state, Assam in the Naogan and Golgahat Districts (Barua
and Sharma 1991, Saikia 2009). Thus, breeding pairs are protected under national law and deal
with little anthropogenic disturbance due to strict regulations that require visiting tourists to
remain within the confines of an official guide’s jeep. Further, the majority of the park is not
open to the general public. We believe that these conditions, coupled with relatively pristine
floodplain habitat, is key to the species’ success in the area.
Once the birds leave Kaziranga, chance of potentially mortality increases. Conservation
measures are constrained to political boundaries, while migrating birds are not. A sharp example
in contrasting environmental policy is seen within the Daurian Steppe, which extends from
northeastern Mongolia and China to Trans-Baikal Russia. The steppe consists of several
floodplains, lakes, and rivers and serves as breeding habitat for several species of globally
threatened cranes and waterfowl, including the Red-crowned Crane (Grus japonensis) and Swan
Goose (Anser cygnoides) (Goroshko 2012). The Daurian Steppe also served as a summer
territory for one of the current study’s Pallas’s Fish Eagles (Durga) tracked by GSM-GPS
transmitters (Figure 4.1 – 4.2). However, the region’s biodiversity faces several challenges
within China and Russia through large-scale wildfires, poaching, overfishing, and water
contamination. The loss of several floodplains and wetlands in the past decade due to a low
water climate period and water demands from local industries have further compounded habitat
loss and water contamination (Goroshko 2012, Su and Zou 2012). Overall, all the conservation
efforts put into place in India will prove ineffective if the bird is killed within its summer range.
This scenario proves true for many migrant waterfowl, cranes, and raptors within the Asian
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Flyway (Higuchi et al. 2004, Bildstein 2006). In order to maximize conservation efforts for
migratory species, global cooperation is required to prevent further losses.
The crossing of the Himalayas was a particularly interesting discovery with the current
study. All tagged juveniles were observed navigating, and crossing, the peaks of the Himalayas
at altitudes that exceeded 6000 m in elevation. Overall, flight altitude during migration had
noticeable variation from 737 m to >6638 m (Figures 4.3 – 4.10). These results confirmed the
occurrence of another species capable of trans-Himalayan migration, reaching heights
comparable to bar-headed geese (Anser indicus) (Latham, 1790), as shown in Figures 4.1 and 4.2
(Hawkes et al. 2011, BirdLife International 2016).
A successful migration for large obligate-soaring birds, including eagles and vultures,
requires a tentaive balance of economic energy expenditure and efficient flight time (Pennycuick
1978, Hedenstrom 1993, Duerr et al. 2012). Intuitively, one might assume a large, obligatesoaring species, like a Pallas’s Fish Eagle would actively avoid such a significant topographic
barrier, as represented by the Himalayas. In low-density air and partial pressure oxygen
conditions, it would be difficult for an eagle to meet the high aerobic demand of long distance
flight without extrinsic (e.g. orographic uplift) or intrinsic subsidies (e.g. greater capillary
density) (Altshuler and Dudley 2006, Hawkes et al. 2011). Nonetheless, all three GSM-GPS
tracked eagles did not illustrate any obvious avoidance behavior; rather, the birds chose a more
direct flight path. On a broad, climactic scale, the predominant shift from southerwesterly winds
in the spring (late May) to northeasterlies (early October) could provide advantageous conditions
in the form of tailwinds (Fein and Stephens 1987). It is important to note, this scenario would
only provide supporting airflow in the fall. Both juveniles (Durga and Lachit) tracked during
spring migration began before the spring shift in winds (Pai and Bhan 2014, Pai and Bahn 2015,
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Pai and Bahn 2016). However, daily data illustrated flight times during the Himalayan crossing
that coincides with the development of daily, southerly (upslope) anabatic winds that develop
around 09:00 and peak in the early afternoon (Vergeiner and Dreisetl 1987, Hawkes et al. 2011).
This daily vertical air flow may allow Pallas’s Fish Eagles to make it over the extreme elevations
in a staggered flight pattern that spans from 2 - 3 days in the spring.
There is a significant lack of knowledge concerning Pallas’s Fish Eagle physiology.
Therefore, we are unable to ascertain if the species has adaptive features, such as a greater
mitochondrial count or capillary capacity, or oxidative fibers, that would assist the species in
hypoxic conditions (Altshuler and Dudley 2006, Hawkes et al. 2011). Yet, historical records
describe Pallas’s Fish Eagles occupying habitat of up to 5000 m in elevation, so a specialized
physioloy cannot be ruled out at the current time (BirdLife International 2001).
With the sole exception of Durga’s 2014 spring migration, all spring migration events
occurred before the onset of the southwest monsooon and the shift in predominant winds from
southwesterlies to northeasterlies. For example, Figure 4.18 indicates the Siberian High is still
over central Mongolia during the onset of Lachit’s spring migration in 2015. Thus, with the birds
migrating northeast in the spring, there was little opporutnity to subsidize flight with tailwinds.
Rather, migrating individuals had a greater chance of facing headwind conditions, as indicated
by the significant negative linear relationship between flight speed (m/s) and tailwinds (m/s), as
shown in Figures 4. 21, 4.25, 4.29, and 4.31. In terms of orographic potential, once the eagles
passed over the Himalayas, the landscape shifted to desert and step. These landscapes lack
significantly rugged terrain with mountainous ridges; therefore, orographic potential is low.
Overall, thermal potential appeared to provide migrating Pallas’s Fish Eagles with the greatest
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opportunity to subsidize flight and reduce energetic costs through ideal soaring conditions in the
spring.
In contrast to spring migration, every fall migration event began after the withdrawal of
the southwest monsoon circulation (Pai and Bhan 2014, Pai and Bhan 2015, Pai and Bhan 2016,
IMD 2016) (Table 4.2). With this timing, there was a noticeable shift in linear relationships
between flight speed (m/s) and tailwind speed (m/s), as indicated in Figures 4.23, 4.27, 4.33,
4.35. This shift may be a direct result of the shift in the predominant wind direction. Thermal
potential also appeared to have a significant positive effect on flight speed for fall migration,
with the exception of Chinggis. Chinggis’s migration flight speed appeared to be only affected
by tailwind. Overall, this may in part be due to the overall weakness of wind speed. High wind
velocity reduces thermal potential; therefore, there is an inverse relationship with high tailwind
or orographic uplift potential and thermal potential.
A unique scope of this study was the capability to examine seasonal migration
movements over a complete shift of large-scale atmospheric conditions. From 2013 – 2016,
weather patterns shifted from ENSO-Neutral, to El Nino, and finally to La Nina. With the current
study sample size, it is not possible to make any informed assumptions concerning how these
large-scale shifts in atmospheric conditions may affect migrant Pallas’s Fish Eagles. However, as
observations continue to accumulate over time, this study will prove vital for future analyses.
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TABLES
Table 4.1 Spring migration for Durga and Lachit from 2014 – 2016.
Tagged Individual
Chinggis
Durga
Lachit
Lachit
Lachit

Outbound Migration Duration (days)
11 May - 16 Jun 2014 (37 days)
13 May - 2 Jun 2014 (21 days)
5 Apr - 26 Apr 2015 (22 days)
24 Mar - 11 Apr 2016 (22 days)

Average Number of Locations (per day)
692
773
297
348

Outbound Average Speed (m/s)
17
19
14
14

Total Distance (km)
7810
7991
4780
4658

Table 4.2 Fall migration of Chinggis, Durga, and Lachit from 2013 – 2016.
Tagged Individual
Chinggis
Durga
Lachit
Lachit
Lachit

Return Migration Duration (days)
28 Sept - 23 Oct 2013 (26 days)
23 Sept - 22 Oct 2014 (30 days)
2 Oct - 10 Nov 2014 (40 days)
2 Oct - 27 Oct 2015 (26 days)
10 Oct - 7 Nov 2016 (29 days)

Average Number of Locations per Day
342
547
366
308

Outbound Average Speed (m/s)
13
17
15
13

Total Distance (km)
>4972
>4734
5099

Table 4.3 Date of southwest monsoon onset/withdrawal and beginning of tagged individual’s
spring/fall migration.
Monsoon
Migration
Monsoon
Fall Migration
Onset
Onset
Withdrawal
Onset
Chinggis
9 Sept 2013
28 Sept 2013
Durga
10 Jun 2014 11 May 2014
23 Sep 2014
23 Sept 2014
Lachit
13 May 2014
23 Sep 2014
2 Oct 2014
13 Jun 2015 5 April 2015
4 Sept 2015
2 Oct 2015
10 Jun 2016 24 Mar 2016
15 Sept 2016
10 Oct 2016
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FIGURES

Figure 4.1 Fall migration routes of Chinggis (red), Durga (green), and Lachit (blue) from 2013 –
2016.
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Figure 4.2 Spring migration routes of Durga (green) and Lachit (blue) from 2014 – 2016.
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Figure 4.3 Total fall migration path from Mongolia to China (above) and elevation profile
(below) for Chinggis from September 29 – October 10, 2013.
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Figure 4.4 Total spring migration path from India to Mongolia (above) and elevation profile
(below) for Lachit from May 13 – June 2, 2014.
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Figure 4.5 Total spring migration path from India to Mongolia (above) and elevation profile
(below) for Durga from May 11 – June 16, 2014.

83

Figure 4.6 Total fall migration path from Russia to China (above) and elevation profile (below)
for Durga from September 23 – October 22, 2014.
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Figure 4.7 Total fall migration path from Mongolia to Myanmar (above) and elevation profile
(below) for Lachit from October 2 – November 10, 2014.
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Figure 4.8 Total spring migration path from Myanmar to Mongolia (above) and elevation profile
(below) for Lachit from April 5 – 26, 2015.
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Figure 4.9 Total fall migration path from Mongolia to Myanmar (above) and elevation profile
(below) for Lachit from October 2 – 27, 2015.
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Figure 4.10 Total spring migration path from Myanmar to Mongolia (above) and elevation
profile (below) for Lachit from March 24 – April 11, 2016.
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Figure 4.11 Composite sea level pressure (left) and vector wind (1000 mb) (right) during the
onset September 28, 2013 (top) and entirety (bottom) of Chinggis’s fall migration, September 28
– October 23, 2013 (NOAA 2016).
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Figure 4.12 Composite sea level pressure and vector wind (1000 mb) during the onset (top) and
entirety (bottom) of Durga’s spring migration, May 11, 2013 (NOAA 2016).
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Figure 4.13 Composite sea level pressure and vector wind (1000 mb) during the onset (top) and
entirety (bottom) of Lachit’s spring migration, May 13, 2014 (NOAA 2016).
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Figure 4.14 Composite sea level pressure and vector wind (1000 mb) during the onset (top) and
entirety (bottom) of Durga’s fall migration, September 23, 2014 (NOAA 2016).
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Figure 4.15 Composite sea level pressure and vector wind (1000 mb) during the onset (top) and
entirety (bottom) of Lachit’s fall migration, October 2, 2014 (NOAA 2016).
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Figure 4.16 Composite sea level pressure and vector wind (1000 mb) during the onset (top) and
entirety (bottom) of Lachit’s spring migration, April 5, 2015 (NOAA 2016).
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Figure 4.17 Composite sea level pressure and vector wind (1000 mb) during the onset (top) and
entirety (bottom) of Lachit’s fall migration, October 2, 2015 (NOAA 2016).
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Figure 4.18 Composite sea level pressure and vector wind (1000 mb) during the onset (top) and
entirety (bottom) of Lachit’s spring migration, March 24, 2016 (NOAA 2016).
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Figure 4.19 Composite sea level pressure and vector wind (1000 mb) during the onset (top) and
entirety (bottom) of Lachit’s fall migration, October 10, 2016 (NOAA 2016).
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Figure 4.20 Potential for tailwind, thermals, and orographic uplift assistance during Lachit’s
spring migration, May 13 – June 2, 2014.
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Figure 4.21 Lachit’s 2014 spring migration (May 13 – June 2, 2014) flight speed (m/s)
associated with thermals (m/s) (R2= 00.01449, p<2.2e-16), and orographic uplift potential (m/s)
(R2= 0.001277, p=4.1e-05), and tailwind (m/s) (R2= 0.01207, p< 2.2e-16).
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Figure 4.22 Potential for thermal uplift (m/s), orographic uplift (m/s), and tailwind (m/s) during
Lachit’s fall migration, October 2 – November 10, 2014.
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Figure 4.23 Lachit’s 2014 fall migration (October 2 – November 10, 2014) flight speed (m/s)
associated with thermals (m/s) (R2= 0.01737, p< 2.2e-16), and orographic uplift potential (m/s)
(R2= -1.132e-05, p> 0.0.5), and tailwind (m/s) (R2= 3.958e-05, p>0.05).
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Figure 4.24 Lachit’s 2015 spring migration (April 4 – 26, 2015) flight speed (m/s) associated
with thermal uplift (m/s), and orographic uplift (m/s), and tailwind (m/s).
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Figure 4.25 Lachit’s 2015 spring migration (April 4 – 26, 2015) flight speed (m/s) associated
with thermals (m/s) (R2= 0.01287, p<0.05), and orographic uplift potential (m/s) (R2= 0.001936 ,
p<0.05), and tailwind (m/s) (R2= 0.03335, p<0.05).
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Figure 4.26 Potential for thermal uplift (m/s), orographic uplift (m/s), and tailwind (m/s) during
Lachit’s fall migration, October 2 – 27, 2015.
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Figure 4.27 Lachit’s 2015 fall migration (October 2 – 27, 2015) flight speed (m/s) associated
with thermals (m/s) (R2= 0.03464 , p<0.05), and orographic uplift potential (m/s) (R2=
0.0005192 , p>0.05), and tailwind (m/s) (R2= 0.004639, p<0.05).
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Figure 4.28 Lachit’s 2016 spring migration (March 24 – April 11, 2016) flight speed (m/s)
associated with thermal uplift (m/s), and orographic uplift (m/s), and tailwind (m/s).
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Figure 4.29 Lachit’s 2016 spring migration (March 24 – April 11, 2016) flight speed (m/s)
associated with thermals (m/s) (R2= 0.006879, p<0.05), and orographic uplift potential (m/s)
(R2= 0.002985, p<0.05), and tailwind (m/s) (R2= 0.02357, p<0.05).
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Figure 4.30 Durga’s 2014 spring migration (May 10 – June 15, 2014) flight speed (m/s)
associated with thermal uplift (m/s), and orographic uplift (m/s), and tailwind (m/s).
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Figure 4.31 Durga’s 2014 spring migration (May 11 – June 15, 2014) flight speed (m/s)
associated with thermals (m/s) (R2= 0.0023, p<0.05), and orographic uplift potential (m/s) (R2= 7.082e-05, p>0.05), and tailwind (m/s) (R2= 0.03773, p<0.05).
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Figure 4.32 Potential for thermal uplift (m/s), orographic uplift (m/s), and tailwind (m/s) during
Durga’s fall migration, September 22 – October 22, 2014.
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Figure 4.33 Durga’s 2014 fall migration (September 22 – October 22, 2014) flight speed (m/s)
associated with thermals (m/s) (R2= 0.008079, p<0.05), and orographic uplift potential (m/s)
(R2= 9.063e-05, p>0.05), and tailwind (m/s) (R2= 0.0311, p<0.05).
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Figure 4.34 Potential for thermal uplift (m/s), orographic uplift (m/s), and tailwind (m/s) during
Chinggis’s fall migration, September 28 – October 23, 2013.
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Figure 4.35 Chinggis’s 2013 fall migration (September 28 – October 23, 2013) flight speed
(m/s) associated with thermals (m/s) (R2= 0.0003632, p>0.05), and orographic uplift potential
(m/s) (R2= -0.0002071, p>0.05), and tailwind (m/s) (R2= 0.02619, p<0.05).
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CHAPTER 5. CONCLUSION
Pallas’s Fish Eagles face an uncertain future in the 21st century. Prior to the 1900s, the species
was one of the most abundant raptors found along freshwater sources in Asia with a range of
over 3,000,000 km2. The eagle was considered a nuisance generalist that foraged on everything
from carrion to kleptoparasitized fish and waterfowl. Yet, by the 1960s, Pallas’s Fish Eagle
populations exhibited declines throughout its range (BirdLife International 2014). In 2017, the
species is listed as “critically endangered,” “endangered,” or “rare” in every country that it
remains in, while also being considered the least understood eagle in the Northern Hemisphere
(BirdLife International 2001, Baral 2009, Kovalenko 2009, Gilbert et al. 2014, and BirdLife
International 2014). Nepal’s population, a maximum of 12 birds, is an extreme example of the
sharp decline. However, the species’ global occupation over time has never been quantified.
Therefore, I utilized historical observations of Pallas’s Fish Eagles from 1850 – 2016 to
create a decadal, binary data set used to model detection and occupancy on a global- and
state/province-scale. The model results estimated an occupation probability of 8% throughout the
species extensive range, which reflects similar sightings collected by Ebird.org from 2015 –
2016 (Ebird 2012). The alarmingly low occupancy rate on such a broad scale indicates that the
species requires immediate re-evaluation and greater comprehension of the population dynamics
throughout its range, including recruitment and mortality. Otherwise, there is the potential for
complete extinction within the century. Past mass extinctions, such as the Passenger Pigeon
(Ectopistes migratorius), created a stark reminder that a species whose numbers blotted out the
sky with its mass during migration are not infallible to anthropogenic disturbances, including
intense human predation and habitat loss (Bucher 1992). Further, Pallas’s Fish Eagles serve as a
tertiary predator and wetland health indicator species (BirdLife International 2001). The loss of
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the species from previously occupied areas may serve as a warning of other biodiversity loss due
to currently undetected threats, including water pollution (Goroshko 2012, Su and Zou 2012).
In an effort to provide baseline data for habitat utilization and territory sizes, three
juvenile Pallas’s Fish Eagles, one in Mongolia and two in India, were fitted with 70 g GSM-GPS
satellite transmitters. Across the three tagged individuals, no difference was detected in summer
and winter home ranges. Further work is needed to determine fine-scale habitat and resource
selection, but as an initial interpretation of the data, it is possible that required resources remain
stable in summer and winter territories. In addition, results provided supporting evidence of site
fidelity for Lachit over the span of three years after completing his first spring migration in 2014
after fledging. There was also a noticeable overlap in wetland habitat utilized by two of the three
individuals in Mongolia. Chinggis and Lachit both occupied habitat along Ogii Nuur and the
Orkhon River Valley. This serves as an indication that the region may be a critical habitat for
Pallas’s Fish Eagles from May – September.
Another result of the satellite telemetry tracking is the completion of the world’s first
tracked Pallas’s Fish Eagle migration across Asia. Despite a distance of >3000 km between the
two trapping locations where Pallas’s Fish Eagles were fitted, there was a clear overlap in the
birds’ migration and timing. These findings directly contradict the past assumption that there are
three separate breeding populations of Pallas’s Fish Eagles in the Indian Subcontinent, China,
and Mongolia (BirdLife International 2001), and support the hypothesis by Gilbert et al. (2014)
stating that birds observed in Mongolia during the summer months are dispersed individuals
from the Indian Subcontinent. In addition, I examined the data in relation to seasonal shifts in
weather, specifically the onset and withdrawal of the summer monsoon, and the potential for
thermals, tailwinds, and orographic uplift. There was no clear relationship between the onset of
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the summer monsoon and spring migration; migration occurred about a month prior. However,
fall migration did occur after the withdrawal of the summer monsoon for all fall migration
events. Out of the three flight assistance variables, thermals appeared to have the potential to
provide the greatest flight subsidy for migrants. Further, an examination of the birds’ daily flight
times during the Himalayan Mountain crossing indicates that anabatic winds may provide
vertical air flow assistance (Vergeiner and Dreisetl 1987).
The current study provides the world’s first look at Pallas’s Fish Eagle migration, but is
limited by a sample of three juvenile Pallas’s Fish Eagles from the eastern extent of their global
range. It is important to expand on the subject further by seeking to tag adults and individuals
within the western edge that may face different seasonal conditions to gain a more complete
understanding of the species’ movement ecology and global connectivity.

119

LITERATURE CITED
Baral, H. S. 2009. Updated status of Nepal’s wetland birds. Banko Janakari 19: 30-35.
BirdLife International. 2001. Threatened Birds of Asia: The BirdLife International Red Data
Book. Cambridge, UK: BirdLife International.
BirdLife International. 2014. Haliaeetus leucoryphus. The IUCN Red List of Threatened Species
2014: e.T22695130A62641957. (http://www.birdlife.org) [accessed on 09.15.16].
Bucher, Enrique H. 1992. The causes of extinction of the passenger pigeon. Current
Ornithology: 1-36.
Gilbert, M., R. Tingay, L. Jambal, N. Sureda, C. Gilbertl, B. Davaasuren, and G. Sundev. 2014.
Distribution and status of the Pallas’s Fish Eagle Haliaeetus leucoryphus in Mongolia: a
cause for conservation concern? Bird Conservation International 0:1-10.
Goroshko, O.A., 2012. Red-crowned Cranes on the Russian-Chinese Argun River and
neighboring parts of the Daurian steppes. Chinese Birds 3: 231-238.
Kovalenko, A. 2009. Modern records of the Pallas’ Fish Eagle in Kazakhstan. Raptors
Conservation 15:134–136.
Su, L., and H. Zou. 2012. Status, threats, and conservation needs for the continental population
of the Red-crowned Crane. Chinese Birds 3:147-164.
Vergeiner I, and E. Dreiseitl. 1987. Valley winds and slope winds: Observation and elementary
thoughts. Met Atmos Phys 36:264–286.

120

APPENDIX I. INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC)
PROTOCOL APPROVAL

MEMORANDUM

TO:

Douglas James

FROM:

Craig N. Coon, Chairman

DATE:

6/25/15

SUBJECT:

IACUC Approval

Expiration Date: Jun 30, 2017
The Institutional Animal Care and Use Committee (IACUC) has APPROVED your
your protocol "Ecology and Migration of Pallas Fish Eagle in Asia" for renewal on July
1, 2015. Please use the protocol number 15057 from that date forward.
In granting its approval, the IACUC has approved only the information provided. Should
there be any further changes to the protocol during the research, please notify the IACUC
in writing (via the Modification form) prior to initiating the changes. If the study period is
expected to extend beyond Jun 30, 2017 you must submit a modification or new protocol
prior to that date to avoid any interruption. By policy the IACUC cannot approve a study for
more than 3 years at a time.
The IACUC appreciates your cooperation in complying with University and Federal
guidelines involving animal subjects.

CNC/aem
cc: Animal Welfare Veterinarian
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MEMORANDUM

TO:

Douglas James

FROM:

Craig N. Coon, Chairman
Institutional Animal Care and Use Committee

DATE:

February 11, 2014

SUBJECT:

IACUC APPROVAL
Expiration date: July 1, 2015

The Institutional Animal Care and Use Committee (IACUC) has APPROVED your modification
to tag additional animals for protocol 12051: “Ecology and Migration of Pallas Fish in Asia”
Eagle
In granting its approval, the IACUC has approved only the modification provided. Should there be
any further changes to the protocol during the research, please notify the IACUC in writing (via the
Modification form) prior to initiating the changes. If the study period is expected to extend
beyond July1, 2015 you must submit a new protocol. By policy the IACUC cannot approve a study
for more than 3 years at a time.
The IACUC appreciates your cooperation in complying with University and Federal guidelines for
involving animal subjects.

CNC/aem

cc: Animal Welfare Veterinarian
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